General relativistic hydrodynamics of compressible multicomponent fluids: developments and applications by Rezzolla, Luciano
 ISAS -- INTERNATIONAL SCHOOL  
      FOR ADVANCED STUDIES  
 
GENERAL RELATIVISTIC HYDRODYNAMICS OF  
COMPRESSIBLE MULTICOMPONENT FLUIDS:  
DEVELOPMENTS AND APPLICATIONS  
 
A Thesis submitted for the degree of  
Doctor Philosophiae  
 
SISSA — International School for Advanced Studies  
 




Candidate:                                                                                Supervisor: 














































@ mrWﬃM [UHKNUJﬃJAdPOPEo Z=ELvQVﬃEﬀZ={ROPNUTJ=X;GI¨[^CFE/GI[UHYXZ=NU[ @]@]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@Ak
@ MﬀZfGIOPJAETcJ=XWGsZfGI[SXJAHyGI¨[zWﬃC @]@]@]@]@]@^@]@]@]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@kAm
@ @B? SMﬀZ=H©¨ﬀZ=TK[ªyZ=ovJﬃL[Ud~@]@]@]@]@^@]@]@]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@kAm










ﬃ@B?A@B? §y­J! YxJA{R JAE[UE/GSWﬃ¨[UHKOPNhZ=didPJ.­cT @^@]@]@]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@?A?_
ﬃ@B?A@`_ QSO#"MTKOPJAEJ=XuyZ=HYVAJAE$¬M{ t [UH<@]@]@]@^@]@]@]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@?A?.k
ﬃ@`_WﬃJAdPM2GIOPJAE5ZfGGI¨[]©¨ﬀZ=TK[]CFE/GI[UHYXZ=NU[ @]@]@]@]@]@^@]@]@]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@?_=q
ﬃ@`_ﬃ@B? v[3GIHKOPN&%=MEN3GIOPJAE xJAELOBGIOPJAET @]@]@]@^@]@]@]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@?_AŁ
ﬃ@`_ﬃ@`_ E[UHKo=VvZ=EL$vJA{R[UE/GIM{'%=MEN3GIOPJAE xJAELOBGIOPJAET @]@]@]@]@]@^@]@]@]@]@]@]@?_=















q2@ m.ug=Z= JAHIZfGIOPJAEJ=XuZ/SMﬀZ=HQSHKJA @]@]@]@]@]@]@^@]@]@]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@?.A}
q2@ m2@B? CFEOBGIOeZ=d$xJAELOBGIOPJAET
@]@]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@?.A}
q2@ m2@`_ xJA{RM2GsZfGIOPJAETJ=XWﬃ[UdBXWﬃOP{ROPdeZ=H0ug=Z= JAHIZfGIOPJAE@]@]@]@]@]@]@^@]@]@]@]@]@]@?.Am
q2@ m2@ m ug=Z= JAHIZfGIOPJAE1­cOBGI¨va¬Z=LOeZfGIOPJAEQS[UNUJAMdPOPEo @]@]@]@]@]@]@]@^@]@]@]@]@]@]@?.kA}












Łﬃ@`_ﬃ@`_ a¬Z=LOeZ=d vJA{R[UE/GIM{|xJAETK[UHYg=ZfGIOPJAE @]@]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@]@]@]@ª_A_=
Łﬃ@`_ﬃ@ m EoAMdeZ=H vJA{R[UE/GIM{ xJAETK[UHYg=ZfGIOPJAE @]@]@]@]@]@]@]@]@^@]@]@]@]@]@]@]@]@]@ª_=m2?














































































































































ac[UdeZfGIOBgﬃOPTYGIOPN ¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUTuHK[UHK[UTK[UE/GIT JAE[yJ=XﬀGI¨[y{RJATYG J.­[UHYXMdﬃGIJﬃJAdPTt/Vz{R[hZ=ETuJ=Xﬀ­c¨OPNs¨:OBG
OPTª JATKTKOPtdP[cGIJzME/gA[UOPdGI¨[¨/VﬃTKOPNhZ=d{R[UNs¨ﬀZ=EOPTK{RTªt [U¨OPELRGI¨[ﬀZ=TYGy¨OPTYGIJAHYV J=X$JAMH
	¬EOBgA[UHKTK[wZ=EL
t [U¨OPEL {(Z=E/V J=X GI¨[c¨OPoA¨ [UE[UHKo=V Z=TYGIHKJA¨/VﬃTKOPNUTª¨[UEJA{R[UEﬀZ^JAtTK[UHYgA[UL(EJ.­yZ=LﬀZhVﬃTU@ §¨OPT§¨[UTKOPT
OPTXJﬃNUMTKTK[UL(JAERGI¨[cXJAHK{(Z=dPOPTK{ Z=ELRGI[UNs¨EO,M[UTJ=XHK[UdeZfGIOBgﬃOPTYGIOPNy¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUTªJ=XNUJA{RHK[UTKTKOPtdP[
TKOPEoAdP[Z=ELR{ MdBGIOPNUJA{R JAE[UE/GunﬀMOPLTt J=GI¨ROPE:GI¨[cNhZ=TK[­c¨[UERGI¨[3VRZ=HK[NUJAETKOPL[UHK[UL1Z=TOPL[hZ=dﬀo/Z=TK[UT
Z=EL5­c¨[UE5gﬃOPTKNUJAMT¬[ "[UN3GITZ=HK[wEJ=G¬E[UoAdP[UN3GI[UL@
§¨[ ­JAHlNUJAE/GsZ=OPE[UL¦¨[UHK[¨ﬀZ=TvZ GF­J! XJAdPL¦Z=TK [UN3G Z=EL GI¨[ deZhVAJAM2GvJ=X]GI¨[§¨[UTKOPTvOPT
JAHKo/Z=EOU[UL TKJzZ=TGIJ^HK[3nﬀ[UN3GªGI¨OPT LJAMtdP[TYGIHKMN3GIMHK[=@ﬁﬀﬂﬃ GI¨ﬀZfG ­[¬¨ﬀZhgA[¬L[UHKOBgA[ULRXHKJA{
OPE/gA[UTYGIOPo/ZfGIOPJAETuJAE GI¨[GI¨[UJAHK[3GIOPNhZ=dﬃXHIZ={R[3­JAHzJ=X HK[UdeZfGIOBgﬃOPTYGIOPNª¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUT J=X LOPTKNUJAE/GIOPEMJAMT
nﬀJ.­cT"!A¨ﬀZhgA[ªGI¨[UE t [U[UE OP{RdP[U{R[UE/GI[UL^XJAH#$%"&'(&uNUJATK{RJAdPJAoAOPNhZ=d/Z=EL Z=TYGIHKJA¨/VﬃTKOPNhZ=d)"$)$*'+&,-ﬃ '+./)
GIJSGI¨[TYGIML2V J=XGI¨[¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUTJ=XGI¨[NUJATK{RJAdPJAoAOPNhZ=d MﬀZ=H ﬃ¨ﬀZ=LHKJAE ¨ﬀZ=TK[yGIHIZ=ETKOBGIOPJAE:Z=EL
GI¨[wL[

EOBGIOPJAE1J=X;Z E[3­ TK[3GJ=X;HK[UdeZfGIOBgﬃOPTYGIOPN¬EJAE+ FTYGsZfGIOPJAEﬀZ=HYVR¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d[ MﬀZfGIOPJAETyXJAHyZ=E
Z=NUNUHK[3GIOPEo TKdPOP{jLOPT {RJﬃL[Ud @ T:Z HK[UTKMdBGﬁ!u­c¨OPdP[x¨ﬀZ=2GI[UHKT?0! _ Z=EL8m Z=HK[(XJﬃNUMTKTK[UL JAE
GI¨[
Z=EﬀZ=dBVﬃTKOPT^J=XoA[UE[UHIZ=dGIJAOPNUT^J=XyHK[UdeZfGIOBgﬃOPTYGIOPN ¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUT]J=XyNUJA{RHK[UTKTKOPtdP[:nﬀMOPLT"!ux¨ﬀZ=2GI[UHKT
)!^8Z=EL q8L[hZ=dS­cOBGI¨ GI¨[{RJAHK[ TK [UNUO

NTYGIML2V J=X HK[UdeZfGIOBgﬃOPTYGIOPN ¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUTvJ=X:Z

HKTYG





HK[UTK[UE/GIT:Z=EﬂZ=dPOPNhZfGIOPJAE J=XyHK[UdeZfGIOBgﬃOPTYGIOPN ¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUT]GIJ Z=EJ=GI¨[UHzZ=TYGIHKJA¨/VﬃTKOPNhZ=d HKJAtdP[U{1
GI¨ﬀZfGcJ=XTKdPOP{ LOPTZ=NUNUHK[3GIOPJAE@
x¨ﬀZ=2GI[UHc?¬OPTﬀZ=HYGIdBV L[3gAJ=GI[ULRGIJ]ZwoA[UE[UHIZ=dﬀOPE/GIHKJﬃLMN3GIOPJAE GIJ^HK[UdeZfGIOBgﬃOPTYGIOPNyTK¨JﬃN zXHKJAE/GITªZ=EL
HK[hZ=N3GIOPJAE XHKJAE/GIT21 Wﬃ[UN3GIOPJAET:?A@B?  ?A@`_ﬃ@`_03¬Z=EL ﬀZ=HYGIdBV L[3gAJ=GI[UL GIJ1GI¨[ gA[UHYV OP{R JAHYGsZ=E/GTKMt54K[UN3G]J=X
68709ﬂ:<;ﬁ9ﬂ7=>ﬂ?A@CBED,F>HG"@JIK@JF 7
J=X¬LOPTKNUJAE/GIOPEMOBGFVTKMHYXZ=NU[UTL1 Wﬃ[UN3GIOPJAET1?A@ m  ?A@ m2@ mH3 @ §¨[UHK[ﬂ!­[LOPTKNUMTKT
GI¨[ L[UdPOPNhZfGI[ HKJAtdP[U{J=XªGI¨[ NhZ=MTIZ=dTYGIHKMN3GIMHK[(Z=EL L[3GI[UHK{ROPEﬀZ=N3V J=XHK[UdeZfGIOBgﬃOPTYGIOPNzL[3GIJAEﬀZfGIOPJAET
Z=ELﬂL[3nZ=oAHIZfGIOPJAET]Z=ELﬂTK¨J.­M!ZfX,GI[UH]HIZfGI¨[UH]dP[UEo=GI¨/VZ=dPoA[UtHIZ-!$GI¨[(dPOPE[hZ=HwTYGsZ=tOPdPOBGFV HKJA [UHYGIOP[UT
J=XªHK[UdeZfGIOBgﬃOPTYGIOPNzL[3GIJAEﬀZfGIOPJAET^Z=EL L[3nZ=oAHIZfGIOPJAETU@z§¨[ OP{R JAHYGsZ=ENU[ J=XªJAMHwNhZ=dPNUMdeZfGIOPJAETTK¨JAMdPL
gﬃOPO
gﬃOPOPO    '+
t [ NUJAETKOPL[UHK[UL OPE gﬃOP[3­ J=X TKJA{R[zHK[UNU[UE/G^dP[UTKTSHKOPoAJAHKJAMTTYGsZ=tOPdPOBGFVvZ=EﬀZ=dBVﬃTKOPTJ=X NUJATK{RJAdPJAoAOPNhZ=dL[3G 
JAEﬀZfGIOPJAETSZ= [hZ=HK[UL OPE GI¨[ dPOBGI[UHIZfGIMHK[ Z=EL ­c¨JATK[ HK[UTKMdBGIT­[:¨ﬀZhgA[ ¨[UHK[:NUJAHKHK[UN3GI[UL@ﬂ[ ­yZ=HKE
GI¨[]HK[hZ=L[UH¬GI¨ﬀZfGSWﬃMtTK[UN3GIOPJAETz?A@ m2@`_ Z=ELﬂ?A@ m2@ mRZ=HK[]¨[hZhgﬃOPdBVGI[UNs¨EOPNhZ=d;Z=ELvGI¨[]L[3GsZ=OPdPTcOPE5GI¨[U{
NUJAMdPL5t [^TOP [UL5­cOBGI¨JAM2GcTK[UHKOPJAMTcNUJAETK[ M[UENU[UTXJAHMEL[UHKTYGsZ=ELOPEo GI¨[^HK[UTYGJ=X;GI¨[^§¨[UTKOPTU@








HKTYG JAHKL[UH ¨ﬀZ=TK[(GIHIZ=E+ 
TKOBGIOPJAETZ=EL TKMtTK[ M[UE/GIdBV L[UHKOBgA[ Z=EﬀZ=dBVGIOPN]TKOP{ROPdeZ=HKOBGFV(TKJAdPM2GIOPJAETcXJAH¬tMttdP[zoAHKJ.­GI¨ Z=EL LHKJA
[3g=Z= JAHIZfGIOPJAE@;§¨[ydeZfGKGI[UH"!fOPE ﬀZ=HYGIOPNUMdeZ=H"!=Z=HK[JAHKOPoAOPEﬀZ=d/Z=EL:TKJA{R[yZ=TK [UN3GITuJ=XGI¨[U{9Z=HK[HK[UTK[UE/GI[UL
OPE GI¨OPTS§¨[UTKOPTSXJAH¬GI¨[







CFE1x¨ﬀZ=2GI[UH mS­[cOPE/GIHKJﬃLMNU[yGI¨[NUJAENU[U2GITªJ=X { MdBGIOPNUJA{R JAE[UE/Gu¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUTªZ=EL NUJAE+ 
NU[UE/GIHIZfGI[ﬂ!OPE5ﬀZ=HYGIOPNUMdeZ=H"!JAE5GI¨[^HKJAtdP[U{J=X;GI¨[^dPJAEo HIZ=EoA[^[UE[UHKo=VvZ=ELv{RJA{R[UE/GIM{ GIHIZ=ETYX[UH
t [3GF­[U[UEﬂZ(TYGsZ=ELﬀZ=HKL nﬀMOPL 1{R[hZ=E/GwZ=TwZ(NUJAdPdP[UN3GIOPJAE J=X HK[UdeZfGIOBgﬃOPTYGIOPN^ﬀZ=HYGIOPNUdP[UT¬­cOBGI¨ TK¨JAHYGwOPE/GI[UH  
Z=N3GIOPJAEﬂTKNhZ=dP[RdP[UEo=GI¨ 3^Z=EL ZvHIZ=LOeZfGIOPJAE nﬀMOPL 1{R[hZ=E/G Z=T ZvNUJAdPdP[UN3GIOPJAE J=XHK[UdeZfGIOBgﬃOPTYGIOPN:ﬀZ=HYGIOPNUdP[UT
­cOBGI¨ { MNs¨ dPJAEoA[UHcOPE/GI[UHIZ=N3GIOPJAE TKNhZ=dP[zdP[UEo=GI¨ 3 @c§¨OPTOPTZRHK[UdeZfGIOBgﬃOPTYGIOPNwHIZ=LOeZfGIOBgA[^GIHIZ=ETYX[UHHKJAt+ 
dP[U{ GI¨ﬀZfG­[]¨[UHK[^TKJAdBgA[wt/V5HK[3­cHKOBGIOPEo GI¨[^HIZ=LOeZfGIOBgA[GIHIZ=ETYX[UH[ MﬀZfGIOPJAE5OPEGI[UHK{RTJ=Xu©HKJ/4K[UN3GI[UL
WVﬃ{R{R[3GIHKOPNS§;HIZ=NU[]iﬀHK[U[wGI[UETKJAHKTU@ª§¨[^{(ZfGI¨[U{(ZfGIOPNhZ=dZ=ﬀZ=HIZfGIMTcL[3gA[UdPJA [ULvOPEGI¨OPTNs¨ﬀZ=2GI[UHcOPT
oA[UE[UHIZ=dZ=EL ­c¨OPdP[OBG OPTOP{RdP[U{R[UE/GI[UL:¨[UHK[cXJAHEM{R[UHKOPNhZ=dNUJA{RM2GsZfGIOPJAETJ=X GI¨[ MﬀZ=H ﬃ¨ﬀZ=LHKJAE
GIHIZ=ETKOBGIOPJAE !ﬃJ=GI¨[UHyZ=dPOPNhZfGIOPJAETªJ=XOBGyOPEZ=TYGIHKJA¨/VﬃTKOPNhZ=dNUJAE/GI[ ﬃGITc¨ﬀZhgA[wt [U[UEHKJﬃLMNU[UL5t/V(J=GI¨[UH
Z=M2GI¨JAHKTU@
x¨ﬀZ=2GI[UH TYGsZ=HYGITGI¨[SﬀZ=HYGJ=X$GI¨OPT§¨[UTKOPTy­c¨OPNs¨OPTL[ULOPNhZfGI[UL1GIJ GI¨[wZ=dPOPNhZfGIOPJAERJ=X$GI¨[




L2VﬃEﬀZ={ROPNUTJ=XGI¨[ NUJATK{RJAdPJAoAOPNhZ=d MﬀZ=H ﬃ¨ﬀZ=LHKJAE ¨ﬀZ=TK[ GIHIZ=ETKOBGIOPJAE@¬CFE GI¨OPTNs¨ﬀZ=2GI[UH"!GI¨[UHK[3XJAHK[ﬂ!
­[]LOPTKNUMTKTSZ EM{ t [UHcJ=XuLO#"[UHK[UE/G¬OPTKTKM[UT¬HK[Uo/Z=HKLOPEo GI¨[^¨/VﬃTKOPNUTJ=XNUJATK{RJAdPJAoAOPNhZ=d¨ﬀZ=TK[^GIHIZ=E+ 
TKOBGIOPJAET Z=EL Z=OP{R[UL ZfG:HKJ.gﬃOPLOPEo GI¨[1E[UNU[UTKTIZ=HYV8¨/VﬃTKOPNhZ=dytﬀZ=N oAHKJAMEL8XJAH]GI¨[TYGIML2V
J=XcGI¨[
MﬀZ=H ﬃ¨ﬀZ=LHKJAEﬂGIHIZ=ETKOBGIOPJAE@1ﬀZ=HYG]XHKJA{jZvoA[UE[UHIZ=d OPE/GIHKJﬃLMN3GIOPJAE GIJvGI¨[RGI¨[UHK{RJﬃL2VﬃEﬀZ={ROPNUT^J=X

HKTYGJAHKL[UH¬¨ﬀZ=TK[]GIHIZ=ETKOBGIOPJAET"!­[zLOPTKNUMTKTSZ=HKoAM{R[UE/GITcOPEvTKM JAHYGJ=XuGI¨[]¨/Vﬃ J=GI¨[UTKOPT¬GI¨ﬀZfGcGI¨[
¨ﬀZ=TK[ OPE/GI[UHYXZ=NU[ TK¨JAMdPL {RJ.gA[:Z=TwZR­[hZ L[3nZ=oAHIZfGIOPJAEvXHKJAE/GwZ=EL HK[UTK[UE/G^TKMOBGsZ=tdP[][ MﬀZfGIOPJAET
J=X¬TYGsZfGI[(XJAHzGI¨[MﬀZ=H  FoAdPMJAE deZ=TK{(Z Z=EL
GI¨[1¨ﬀZ=LHKJAE deZ=TK{(Z2@ﬂ[NUJAENUdPML[(GI¨[Ns¨ﬀZ=2GI[UH
­cOBGI¨5Z:LOPTKNUMTKTKOPJAE5J=XGI¨[wL[UtﬀZfGI[UL Z=EL1XMELﬀZ={R[UE/GsZ=dOPTKTKM[wJ=X;tMttdP[wEMNUdP[hZfGIOPJAE5Z=EL5HK[UTK[UE/G
   '+ O
Z:TKNs¨[U{(ZfGIOPN^L[UTKNUHKOP2GIOPJAE5J=X;GI¨[wg=Z=HKOPJAMTTYGsZ=oA[UTcJ=X;GI¨[wGIHIZ=ETKOBGIOPJAE@
x¨ﬀZ=2GI[UHywOPT[UE/GIOPHK[UdBV XJﬃNUMTKTK[UL(JAE GI¨[¬¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUT J=XGI¨[ MﬀZ=H ﬃ¨ﬀZ=LHKJAERGIHIZ=ETKOBGIOPJAE
Z=EL OPT;L[ULOPNhZfGI[UL GIJ¬GI¨[yL[UHKOBg=ZfGIOPJAE]J=X Z¬E[3­ NUJA{RdP[3GI[TK[3GuJ=XHK[UdeZfGIOBgﬃOPTYGIOPN[ MﬀZfGIOPJAETuL[UTKNUHKOPtOPEo
GI¨[ ¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUT5J=X:Z { MdBGIOPNUJA{R JAE[UE/G1nﬀMOPL¦OPE¦Z TK¨[UHKOPNhZ=dwnﬀJ.­^@ CFE¦ﬀZ=HYGIOPNUMdeZ=H"!cGI¨[
{(ZfGI¨[U{(ZfGIOPNhZ=d2Z=ﬀZ=HIZfGIMT L[3gA[UdPJA [ULROPE GI¨OPTNs¨ﬀZ=2GI[UHZ=dPdPJ.­cTXJAH ZwNUJAETKOPTYGI[UE/G GIHK[hZfGI{R[UE/G J=X 
> 
GI¨[]dPJAEoRHIZ=EoA[][UE[UHKo=V Z=EL {RJA{R[UE/GIM{ GIHIZ=ETYX[UH¬t [3GF­[U[UE ZRTYGsZ=ELﬀZ=HKLvnﬀMOPL Z=EL ZRHIZ=LOeZfGIOPJAE
nﬀMOPL
G 








LOPTKNUJAE/GIOPEMOBGFV TKMHYXZ=NU[zXJAHGI¨[ {R[3GIHKOPNﬂ! GI¨[ [UE[UHKo=V Z=EL GI¨[ {RJA{R[UE/GIM{ J=X [hZ=Ns¨ J=XGI¨[ GI¨HK[U[
nﬀMOPL:NUJA{R JAE[UE/GIT	
 




EL Z NUJAENUHK[3GI[ Z=dPOPNhZfGIOPJAE
OPEGI¨[^EM{R[UHKOPNhZ=dNUJA{RM2GsZfGIOPJAETyLOPTKNUMTKTK[UL OPE1GI¨[^TKMtTK[ M[UE/GwNs¨ﬀZ=2GI[UHU@
CFEx¨ﬀZ=2GI[UHwq-!OPE XZ=N3Gﬁ!ZfX,GI[UHSZ1tHKOP[3XLOPTKNUMTKTKOPJAE J=XGI¨[ EM{R[UHKOPNhZ=d;TYGIHIZfGI[UoAOP[UTGI¨ﬀZfGS¨ﬀZhgA[
t [U[UEOPE/GIHKJﬃLMNU[ULOPE JAHKL[UHwGIJ5TKJAdBgA[:GI¨[:¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d[ MﬀZfGIOPJAET"!$­[ HK[UTK[UE/GzHK[UTKMdBGIT^JAt+ 
GsZ=OPE[ULﬂXHKJA{ ¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=dNhZ=dPNUMdeZfGIOPJAET]J=XcLO#"[UHK[UE/G TYGsZ=oA[UT J=XcGI¨[1NUJATK{RJAdPJAoAOPNhZ=d MﬀZ=H 
¨ﬀZ=LHKJAE ¨ﬀZ=TK[ GIHIZ=ETKOBGIOPJAE@9CFE¦ﬀZ=HYGIOPNUMdeZ=H"!XJAMHLOPTYGIOPEN3G5EM{R[UHKOPNhZ=dSNUJﬃL[UT5¨ﬀZhgA[ t [U[UE NUJAE+ 
TYGIHKMN3GI[UL Z=EL5OP{RdP[U{R[UE/GI[UL1XJAHTYGIML2VﬃOPEo HK[UTK [UN3GIOBgA[UdBV 
 3tMttdP[^L2VﬃEﬀZ={ROPNUTZ=ELvdPJAEo HIZ=EoA[
[UE[UHKo=VRZ=ELR{RJA{R[UE/GIM{ GIHIZ=ETYX[UH LMHKOPEo^GI¨[coAHKJ.­GI¨RJ=X$Z=E OPTKJAdeZfGI[UL TK¨[UHKOPNhZ=dﬀ¨ﬀZ=LHKJAERtMttdP[






 3¬LHKJA L2VﬃEﬀZ={ROPNUTSZ=EL HIZ=LOeZfGIOPJAE
L[UNUJAMdPOPEovLMHKOPEovGI¨[

EﬀZ=d TYGsZ=oA[UTzJ=XyGI¨[R[3g=Z= JAHIZfGIOPJAEJ=XcZvNUJATK{RJAdPJAoAOPNhZ=d MﬀZ=H LHKJA
-3
tﬀZ=HYVAJAEzEM{ t [UH;TK[UoAHK[Uo/ZfGIOPJAE]HKJﬃLMNU[UL LMHKOPEoGI¨[ªgA[UHYV

EﬀZ=d/TYGsZ=oA[UTJ=X2GI¨[ GIHIZ=ETKOBGIOPJAE^t/V^[3g=Z=+ 
JAHIZfGIOPEo MﬀZ=H LHKJATU@ §¨[UTK[REM{R[UHKOPNhZ=duNUJA{RM2GsZfGIOPJAETSNUJ.gA[UHzZ1­cOPL[ HIZ=EoA[:J=XªGI¨[ LO#"[UHK[UE/G
TYGsZ=oA[UTJ=XuGI¨[^GIHIZ=ETKOBGIOPJAE Z=EL HKJ.gﬃOPL[ ZRE[3­ NUJAETKOPTYGI[UE/GwZ=EL TKJA{R[3GIOP{R[UTcME[ 2 [UN3GI[UL OPN3GIMHK[
J=X GI¨[ ¨/VﬃTKOPNhZ=dHKJA [UHYGIOP[UTwJ=X¨ﬀZ=LHKJAE tMttdP[:oAHKJ.­GI¨ﬂZ=ELMﬀZ=H LHKJA [3g=Z= JAHIZfGIOPJAE@]ﬀZ=HYG






iOPEﬀZ=dPdBV0!x¨ﬀZ=2GI[UHŁ {(Z=HT GI¨[v[UEL<J=XGI¨[v§¨[UTKOPT1Z=EL¢HK[UHK[UTK[UE/GITZ  , 'J"'+./2ﬁﬀﬂ
ﬃ   
]J=XHK[UdeZfGIOBgﬃOPTYGIOPNy¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUTU@u§¨[UHK[ﬂ!ﬃ­[LOPTKNUMTKTªGI¨[¬HKJAtdP[U{J=XHK[UdeZfGIOBgﬃOPTYGIOPNygﬃOPTKNUJAMT
    '+
nﬀJ.­cTuOPE]GI¨[LO#"[UHK[UE/G¨/VﬃTKOPNhZ=dZ=EL oA[UJA{R[3GIHKOPNhZ=d/TKNU[UEﬀZ=HKOPJJ=X Z2OPTYVﬃ{R{R[3GIHKOPN TKdPOP{ LOPT]Z=NUNUHK[3GIOPJAE
JAE/GIJZ(HKJ=GsZfGIOPEoRtdeZ=N   F¨JAdP[=@cCFE ﬀZ=HYGIOPNUMdeZ=H"!ﬀ­[z[ ﬃGI[UEL HK[3gﬃOPJAMT ¬[3­GIJAEOeZ=E Z=EL HK[UdeZfGIOBgﬃOPTYGIOPN
TKdPOP{ LOPT1{RJﬃL[UdPTZ=EL5L[UHKOBgA[]Z=E5JAHKOPoAOPEﬀZ=d TK[3G¬J=XEJAE+ FTYGsZfGIOPJAEﬀZ=HYV(HK[UdeZfGIOBgﬃOPTYGIOPN¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d
[ MﬀZfGIOPJAET^XJAHwGI¨OPT]HKJAtdP[U{v@R§¨OPT]E[3­ TK[3GzJ=X[ MﬀZfGIOPJAET"!­c¨OPNs¨ﬂNUJAMdPLﬂME/gA[UOPd {(Z=E/V J=XGI¨[
HKJA [UHYGIOP[UTyJ=XTKdPOP{ LOPT {RJﬃL[UdPTª­c¨[UE5OP{RdP[U{R[UE/GI[UL(OPEZzEM{R[UHKOPNhZ=dNUJA{RM2GsZfGIOPJAE !NUJAMdPL5Z=dPTKJ
TK[3G GI¨[1tﬀZ=TKOPT]XJAHzZ {RJAHK[RHK[hZ=dPOPTYGIOPNRTYGIML2VﬂJ=XcHK[UdeZfGIOBgﬃOPTYGIOPN:{(Z=oAE[3GIJA¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPN nﬀJ.­cT:JAE/GIJ




















( OPERGI¨[¬[ MﬀZ  
GIOPJAETU@ x¨ﬀZ=2GI[UH]Ł8!JAE GI¨[:J=GI¨[UHw¨ﬀZ=EL !$OPTHK[UdeZfGI[UL GIJ5ZHK[UdeZfGIOBgﬃOPTYGIOPNzZ=TYGIHKJA¨/VﬃTKOPNhZ=d




?A@ ﬂ[5MTK[ Z TKﬀZ=NU[  FdPO,=[
TKOPoAEﬀZfGIMHK[E1+*-,/.0,/.0,/.M3 @ ﬀwHK[U[ (OPELOPNU[UTZ=HK[GsZ=[UEGIJ:HKME1XHKJA{ }zGIJ m Z=EL5«ZfGIOPE
OPELOPNU[UTwXHKJA{ ?:GIJ m2@(xJ.g=Z=HKOeZ=E/G]L[UHKOBg=ZfGIOBgA[UTwOPE GI¨[:XJAMH  FLOP{R[UETKOPJAEﬀZ=dTKﬀZ=NU[3GIOP{R[
Z=HK[ L[UEJ=GI[ULl­cOBGI¨ Z
TK[U{ROPNUJAdPJAE   
)!c­c¨OPdP[ NUJ.g=Z=HKOeZ=E/GL[UHKOBg=ZfGIOBgA[UT1JAElTKﬀZ=NU[  FdPO,=[
GI¨HK[U[  FLOP{R[UETKOPJAEﬀZ=d¨/Vﬃ [UHKTKMHYXZ=NU[UTSZ=HK[^L[UEJ=GI[ULv­cOBGI¨ 21 
@ª©Z=HYGIOeZ=dL[UHKOBg=ZfGIOBgA[UTcZ=HK[




oAMHK[UT¬OPE5GI¨OPT¬§¨[UTKOPT 1,­cOBGI¨5GI¨[zJAEdBV[ 2NU[U2GIOPJAE J=XiOPoAMHK[




     

	   u	  
   
  9	 


< ;  

	
 ﬀﬂﬁﬃ! !"$#&%&'(ﬃ!)*"+ﬁ,ﬃ".-/)10'2"+ﬁﬃ!)1ﬁ$%&)3ﬃ5476$%& !8:9;'2<=0
§¨[vNUJAENU[U2G(J=X
9ﬂ@D B;=F @J=?>8@JF 7 D3>8:A@">5B
	
D
Z= [hZ=HKT EﬀZfGIMHIZ=dPdBVﬂ­cOBGI¨OPE GI¨[XHIZ={R[3­JAH
J=XNUJA{  
HK[UTKTKOPtdP[vnﬀMOPLTR¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUT1Z=EL<[ 2HK[UTKTK[UTGI¨[vXZ=N3GRGI¨ﬀZfG(GI¨[$MﬀZ=E/GIOBGIOP[UTRL[UTKNUHKOPtOPEo Z




Z^NUJAE/GIOPEMM{ NUJAdPdP[UN3GIOPJAE:J=XﬀZ=HYGIOPNUdP[UT TKJ]EM{R[UHKJAMT GI¨ﬀZfG GI¨[¬L2VﬃEﬀZ={ROPNUT J=XOPELOBgﬃOPLMﬀZ=dﬀZ=H  








NUJAE/GsZ=OPEvZ HK[UdP[3g=Z=E/G¬EM{ t [UHcJ=XuﬀZ=HYGIOPNUdP[UTcZ=ELvTK{(Z=dPd[UEJAMoA¨vTKJ1Z=TGIJ oAMﬀZ=HIZ=E/GI[U[]¨JA{RJAoA[UE[UOBGFV
­cOBGI¨OPE1GI¨[^[UdP[U{R[UE/G3J3@
ﬂ[zTK¨JAMdPL MEL[UHKdPOPE[^GI¨ﬀZfG¬GI¨[zNUJAENU[U2GSJ=X YLOPTKNUJAE/GIOPEMOBGFV 
(t J=GI¨ OPEvGI¨[z{(ZfGI¨[U{(ZfGIOPNhZ=d
Z=EL OPEﬂGI¨[1OPN3GIJAHKOeZ=d HK[UHK[UTK[UE/GsZfGIOPJAE J=XGI¨OPTzGFVﬃ [1J=X¬¨[UEJA{R[UEﬀZ OPT Z=E 4KMTYG Z=HYGIOBXZ=N3G J=XGI¨[
TKNhZ=dP[:J=XªGI¨[:nﬀMOPL L[UTKNUHKOP2GIOPJAE@:iﬀHKJA{Z{ROPNUHKJATKNUJAOPNhZ=d; JAOPE/G^J=XªgﬃOP[3­M!GI¨[ HK[UdP[3g=Z=E/G^¨/VﬃTKOPNhZ=d
g=Z=HKOeZ=tdP[UTZ=NUHKJATKTyGI¨[UTK[wLOPTKNUJAE/GIOPEMOBGFVRTKMHYXZ=NU[UTcZ=HK[SNU[UHYGsZ=OPEdBVRNUJAE/GIOPEMJAMTcZ=dBGI¨JAMoA¨RGI¨[3V1[ 2 [  
HKOP[UENU[gA[UHYV1deZ=HKoA[oAHIZ=LOP[UE/GITyJ.gA[UHy[ ﬃGIHK[U{R[UdBV(TK¨JAHYGdP[UEo=GI¨TKNhZ=dP[UTU@  OBGI¨OPE(GI¨[UTK[wHK[UoAOPJAET"!GI¨[3V
Z=HK[STKMt54K[UN3GcGIJ NUJA{RdP[ 1OPHKHK[3gA[UHKTKOPtdP[¬GI¨[UHK{RJﬃL2VﬃEﬀZ={ROPNhZ=d HKJﬃNU[UTKTK[UTcNhZ=MTK[UL5t/V1LOPTKTKOPﬀZfGIOPJAE1Z=EL
¨[hZfGzNUJAELMN3GIOPJAE@¬J.­[3gA[UH"!JAM2GITKOPL[ GI¨JATK[RHK[UoAOPJAET"!GI¨[RnﬀJ.­ OPT^{ MNs¨
{RJAHK[ HK[UoAMdeZ=H]Z=ELﬂOPT
MTKMﬀZ=dPdBV1oAJ.gA[UHKE[UL t/V1GI¨[^TYGsZ=ELﬀZ=HKLvdeZh­cTcJ=XuZ=LOeZ=tﬀZfGIOPNSHK[3gA[UHKTKOPtdP[^¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUTU@






g=Z=HKOeZ=tdP[UT:Z=HK[5Z=TKTKM{R[UL GIJ t [LOPTKNUJAE/GIOPEMJAMTL1+'CB DB;GI¨[LOPT  












Qcb]_ Qcj!1QcbMOR_ N3^=D M
?
_  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 
NUJAE/GIOPEMOBGFV TKMHYXZ=NU[UT3 @8TRZ HK[UTKMdBGﬁ! GI¨[5{(ZfGI¨[U{(ZfGIOPNhZ=dL[UTKNUHKOP2GIOPJAE8J=X¬GI¨[UTK[5¨[UEJA{R[UEﬀZ OPT
oAHK[hZfGIdBV TKOP{RdPO

[ULRZ=EL(GI¨[J.gA[UHIZ=dPd Z=HKJh2OP{(ZfGIOPJAE J=XGI¨OPTyZ=HKJ/Z=Ns¨(OPTª[ ﬃGIHK[U{R[UdBVRoAJﬃJﬃL ­c¨[UE
GI¨[^TK¨JﬃN (XHKJAE/Gc¨ﬀZ=TcZ:NUJAETYGsZ=E/G­cOPL2GI¨­c¨OPNs¨vOPTy{ MNs¨vTK{(Z=dPdP[UHªGI¨ﬀZ=EGI¨[SGFVﬃOPNhZ=ddP[UEo=GI¨5TKNhZ=dP[
XJAH¬GI¨[]g=Z=HKOeZfGIOPJAEvJ=XuGI¨[znﬀJ.­ g=Z=HKOeZ=tdP[UT¬Z=EL ­c¨[UE GI¨[]GI¨[UHK{(Z=dZ=EL GI¨[zgﬃOPTKNUJAMT¬GIOP{R[]TKNhZ=dP[UT














 NUJAETKOPTYGI[UE/G]¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=duL[UTKNUHKOP2GIOPJAE J=XªGI¨[:nﬀJ.­9Ns¨ﬀZ=EoA[UTzZ=NUHKJATKT]ZTK¨JﬃN  JAHwHK[  
Z=N3GIOPJAEXHKJAE/GcNhZ=Evt [w [UHYXJAHK{R[ULvZfX,GI[UHOP{R JATKOPEozGI¨[^NUJAETK[UHYg=ZfGIOPJAEvJ=XtﬀZ=HYVAJAEvEM{ t [UH"!ﬀ[UE[UHKo=V
Z=EL<{RJA{R[UE/GIM{ Z=NUHKJATKT(GI¨[5XHKJAE/Gﬁ!JAH [ MOBg=Z=dP[UE/GIdBV0!ZfX,GI[UHRHK[ MOPHKOPEo GI¨ﬀZfG  ­c¨ﬀZfG(oAJﬃ[UTROPE/GIJ






Z=EL Z=dPdPJ.­ GIJ1[ 2HK[UTKTMﬀZ=E/GIOBGIOP[UT¬JAE JAE[zTKOPL[zJ=XGI¨[zTK¨JﬃN 5XHKJAE/GSOPEvGI[UHK{RTJ=XuGI¨[
TIZ={R[ MﬀZ=E/GIOBGIOP[UTyJAE1GI¨[wJ=GI¨[UHTKOPL[=@§¨[woA[UE[UHIZ=dHK[UdeZfGIOBgﬃOPTYGIOPNGIHK[hZfGI{R[UE/GcJ=X$GI¨[ 4KMEN3GIOPJAENUJAE+ 
LOBGIOPJAET Z=NUHKJATKTyZ^LOPTKNUJAE/GIOPEMOBGFV:TKMHYXZ=NU[E[U[ULTﬀZ=HYGIOPNUMdeZ=HNhZ=HK[¬OPE:GI¨[¬NhZ=TK[J=X$Z^¨ﬀZ=TK[OPE/GI[UHYXZ=NU[
­c¨OPNs¨¨ﬀZ=TyOPE/GIHKOPETKOPNc¨/VﬃTKOPNhZ=dHKJA [UHYGIOP[UT 1DB ŁBTKMHYXZ=NU[S[UE[UHKo=V(L[UETKOBGFV1JAHTKMHYXZ=NU[GI[UETKOPJAE 3 @uCFE
GI¨OPT^NhZ=TK[ﬂ!;GI¨[RTK¨JﬃN  XHKJAE/GzNhZ=EEJ dPJAEoA[UHwt [RNUJAETKOPL[UHK[UL Z=T]Z

N3GIOBGIOPJAMTw{(ZfGI¨[U{(ZfGIOPNhZ=duTKMH  
XZ=NU[^Z=ELOBGITyOPE2nﬀM[UENU[wJAE1GI¨[wdPJﬃNhZ=d NUMHYg=ZfGIMHK[wJ=X;TKﬀZ=NU[3GIOP{R[SE[U[ULTGIJ:t [SGsZ=[UE5OPE/GIJ Z=NUNUJAME/Gh@
WﬃMtTK[UN3GIOPJAE ﬃ@`_ﬃ@`_ LOPTKNUMTKTK[UT¨J.­ GI¨OPTcNhZ=E5t [^LJAE[^t/V5MTKOPEo:GI¨[&ﬀ^Z=MTKT  YxJﬃLﬀZﬂ"UO$[ MﬀZfGIOPJAETU@
CFEGI¨[ XJAdPdPJ.­cOPEo1­[(HK[3gﬃOP[3­GI¨[R{(Z=OPEZ=TK [UN3GITzJ=XGI¨[RHK[UdeZfGIOBgﬃOPTYGIOPNzGI¨[UJAHYVJ=Xy¨/VﬃLHKJﬃL2V  
EﬀZ={ROPNhZ=dTK¨JﬃN Tc­c¨OPNs¨5­yZ=T

HKTYG¬L[3gA[UdPJA [ULvt/V§Z=Mt ?=kﬁﬀZ=EL5GI¨[UEvTKMtTK[ M[UE/GIdBVv[ ﬃGI[UEL[UL
t/Vﬂ«$OPNs¨E[UHKJ.­cOPN"ﬂ kAm8!;k=-!;k/ﬃﬀ @-vJATYGzJ=XGI¨[(Z=HKoAM{R[UE/GIT^LOPTKNUMTKTK[UL ¨[UHK[ ­cOPdPdut [RMTK[ULﬂOPE GI¨[
E[ ﬃGTK[UN3GIOPJAE !OPE­c¨OPNs¨5GI¨[^HKJA [UHYGIOP[UTcJ=XHK[hZ=N3GIOPJAEXHKJAE/GIT¬Z=HK[wHK[UTK[UE/GI[UL@
CG OPT OP{R JAHYGsZ=E/G]GIJ TYGIHK[UTKT:GI¨ﬀZfG GI¨[TYGsZ=ELﬀZ=HKL Z=EﬀZ=dBVﬃTKOPTzJ=X¬HK[UdeZfGIOBgﬃOPTYGIOPNRTK¨JﬃN T ­cOBGI¨ EJ
OPE/GIHKOPETKOPNª¨/VﬃTKOPNhZ=dHKJA [UHYGIOP[UTOPTg=Z=dPOPL]OPE NUMHYgA[ULRTKﬀZ=NU[3GIOP{R[UTZ=T;­[UdPdZ=TnZfGh@CFEL[U[UL !/GI¨OPTOPT;GI¨[
NhZ=TK[¬XJAHªZ=E/V:GI¨[UJAHYV:­cOBGI¨(Z]{R[3GIHKOPNOPE ­c¨JATK[dPJﬃNhZ=dﬀ«$JAHK[UE/G<¬XHIZ={R[UTGI¨[¬EJAEoAHIZhgﬃOBGsZfGIOPJAEﬀZ=ddeZh­cT
J=Xª¨/VﬃTKOPNUT^Z=TKTKM{R[ GI¨[UOPHSTYGsZ=ELﬀZ=HKL TK [UNUOeZ=dHK[UdeZfGIOBgﬃOPTYGIOPN^XJAHK{ 1[ MOBg=Z=dP[UENU[ HKOPENUOPdP[ﬂ!§¨JAHKE[
 ?.qAmﬀC!WGI[UOPE¨ﬀZ=HKL2G ?=mﬁﬀJ3 @c§¨OPTOPT¬[ MOBg=Z=dP[UE/G¬GIJ(TIZhVﬃOPEoRGI¨ﬀZfGSOPE ZRNUMHYgA[UL TKﬀZ=NU[3GIOP{R[zJAE[]NhZ=E
Ns¨JﬃJATK[Z=E [3gA[UE/G! JAE:GI¨[cTK¨JﬃN  XHKJAE/G ­JAHKdPLdPOPE[Z=EL:GI¨[UE(OPE/GIHKJﬃLMNU[OPE OBGITE[UOPoA¨t JAMHK¨JﬃJﬃLRZ




GI¨[UHK[wZ=HK[SEJzGI¨HK[U[  gA[UdPJﬃNUOBGFVRNUJA{R JAE[UE/GITGsZ=EoA[UE/GyGIJ
GI¨[ XHKJAE/G 1¨[UHK[hZfX,GI[UHS­[ TK¨ﬀZ=dPdHK[3X[UHSGIJ1GI¨[:GI¨HK[U[  gA[UdPJﬃNUOBGFVvgA[UN3GIJAHKT]TKOP{RdBV Z=TSgA[UdPJﬃNUOBGIOP[UT3¬Z=EL
@J@J@  
GI¨[^TK¨JﬃN OPTyGsZ=[UEvGIJ t []ZfGcHK[UTYG¬JAE5GI¨[ 1#" ,%$H3ydeZ=E[=@
&('
b]N3Qe^*O|N3^ORQegR_ ^DN3d N*)3f(_j5^DQeQc[Qc[ +ﬂQegRQ-,wQ	hiN3d d N,$ORSDQ b]N3^1Z3Qe^*OR_ N3^NPh/.N3DgCTP^*OﬂTP^U[0DgR_ Qc[gR_bCSUj|TP^U[
[Qe^DNPORQ1,|_ ORS32RjSDNb546,5TZ3Q(7ORSDQ	UN,$gRQ)3_ N3^b]N3

gR_j_ ^ﬁ) ORSDQ![_jRb]N3^*OR_ ^1D_ O f(jDghyT3b]Q8,|SD_bCS,wQTPdjNkgRQ]hiQegORNT3j
2 higRN3^*O57*	TP^U[ _ OCju[N,|^Uj ORgRQcTP UN,!
'
j_ _ dTPg b]N3^1Z3Qe^*OR_ N3^9,|_ d dŁXYQT3jRjDQc[9,|_ ORS ORSDQ(ORQegR(j:2Rb]N3

gRQcjRj_ N3^
,5TZ3Q(7!TP^U[;2gCTPgRQ]hyT3bMOR_ N3^6,5TZ3Q(7D%<ﬂORSDQeg5TPORSDN3gCjez*SDN,wQeZ3QegczU~V} =:}?> TP^U[DTP2TP^U[>I_ hyjSD_ OA@beTPd dB2RjSDNb54!,5TZ3Q(7	ORSDQ
[_jRb]N3^*OR_ ^1D_ O fjDghyT3b]Q_ OCjQed h zUjNkORSUTVOC2D,5TZ3Q(7uTP^U[E2 higRN3^*O57uXYQcb]N3Q!Q(F*D_ ZVTPd Qe^*O5ORQegR(j5hiN3g5ORSDQe
 :B J-ﬃ '  'ﬁﬃ '+&.8&	     ,H&/ﬃ '+././ﬃ  m
CFE GI¨OPT NUJA{RJ.gﬃOPEo^HK[3X[UHK[UENU[¬XHIZ={R[ﬂ!A­[¬NhZ=ERGI¨OPE zJ=XGI¨[cXHKJAE/GªZ=TZ^deZ=EﬀZ=HuLOPTKNUJAE/GIOPEMOBGFV
TKMHYXZ=NU[w­c¨OPNs¨vLOBgﬃOPL[UTyGI¨[wGI¨HK[U[  FTKﬀZ=NU[]OPE/GIJ Z:HK[UoAOPJAE ?]Z=ELvZ:HK[UoAOPJAE _:Z=EL­c¨OPNs¨vOPTNUHKJATKTK[UL



































(p   ,  V  ) 2 2
"unshocked"






















1 ? ,-3ªOPTyGI¨[SnﬀMOPL1XJAMH  gA[UdPJﬃNUOBGFV1Z=EL

ﬃ
















oAMHIZfGIOPJAEvTK¨J.­cE OPE iOPoAMHK[ ?A@B?zZ=EL MTKOPEo GI¨[zTYGIHK[UTKT[UE[UHKo=VvGI[UETKJAH 1 ?A@B?/3!ﬀ­[













  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 
­cOBGI¨ GI¨[cdPJ.­[UHªOPELOPNU[UT OPELOPNhZfGIOPEo MﬀZ=E/GIOBGIOP[UT JAE GI¨[cGF­JzTKOPL[UT J=XGI¨[¬TK¨JﬃN @ MﬀZfGIOPJAET1 ?A@`_03






} , 1 ?A@ mH3

































































[UTKOPL[UTR[ MﬀZfGIOPJAET 1 ?A@ 53  1 ?A@ qH3!ªZ XMHYGI¨[UH NUJAELOBGIOPJAE OPT:E[U[UL[UL¢OPE8JAHKL[UH GIJ [UdPOP{ROPEﬀZfGI[
ME¨/VﬃTKOPNhZ=d$TKJAdPM2GIOPJAETyZ=EL1GI¨OPTNUJAELOBGIOPJAE1OPTyTYGIHKOPN3GIdBVRHK[UdeZfGI[UL1GIJ GI¨[SNUJA{RdP[ 1OPHKHK[3gA[UHKTKOPtdP[HKJ! 
NU[UTKTK[UTRGI¨ﬀZfG:GsZ=[vdeZ=NU[OPE GI¨[5TK{(Z=dPdHK[UoAOPJAE8J=X¬GI¨[5TK¨JﬃN ﬂXHKJAE/G(Z=EL tﬀZ=TKOPNhZ=dPdBV[ 2NUdPML[UT(Z=T





















1 3 	 & 3
 /3
ﬃ
 1.3 & ﬀ^Z=EL5HK[3­cHKOBGI[SGI¨[wNUJAETK[UHYg=ZfGIOPJAE5J=X;{RJA{R[UE/GIM{ 1 ?A@`03Z=ELGI¨[




































Qcb]_ \UQc[ zUTPd d:ORSDQ!Z3Qed Nb]_ OR_ Qcj|TPgRQQcTP^*O5ORN(XYQ!gRQ]hiQegRgRQc[(ORNORSDQhigRN3^*O|gRQcj O5higCTPQ3
 :B J-ﬃ '  'ﬁﬃ '+&.8&	     ,H&/ﬃ '+././ﬃ  







































































































4KMEN3GIOPJAE]NUJAELOBGIOPJAET$XJAH$NUdeZ=TKTKOPNhZ=d/TK¨JﬃN T 1 xJAMHIZ=E/GuZ=ELziﬀHKOP[ULHKOPNs¨T! m/ﬁﬀC!=«Z=ELﬀZ=MzZ=EL


























!=GI¨[cNUJAELOBGIOPJAE 1 ?A@B?A?/3;NUJAETYGIHIZ=OPE/GITuGI¨[ JATKTKOPtdP[
TYGsZfGI[UTcJ=X;GI¨[wnﬀMOPLvt [U¨OPEL I_ 
:GIJ dPOP[SJAE5GI¨[]Z=LOeZ=tﬀZfGh@





1JAH YNUJAETYGsZ=E/Gw[UE/GIHKJA/V NUMHYgA[ 
53c­c¨OPNs¨ OPTSZ(TKJAdPM2GIOPJAE J=X1 ?A@`Ł03­c¨[UE GI¨[ [ MﬀZ=dPOBGFVv¨JAdPLTU@CGwOPT
 JATKTKOPtdP[wGIJ(TK¨J.­ 1§¨JAHKE[ ?.qAmﬁﬀJ3yGI¨ﬀZfG¬GI¨[z©;JAOPTKTKJAE Z=LOeZ=tﬀZfGcGI¨HKJAMoA¨ 3?
ROPT¬¨[UHK[^GsZ=EoA[UE/GGIJ
GI¨[z§Z=Mt Z=LOeZ=tﬀZfGZfGS JAOPE/G 3?
1Z=EL GI¨ﬀZfGGI¨[]GF­JNUMHYgA[UTw¨ﬀZhgA[zGI¨[ TIZ={R[zTK[UNUJAEL L[UHKOBg=ZfGIOBgA[
GI¨[UHK[=@CFE1GI¨OPTª­yZhV0!GI¨[w©;JAOPTKTKJAE5Z=LOeZ=tﬀZfGTK[UdP[UN3GITGI¨[ Y¨/VﬃTKOPNhZ=d 
 tHIZ=ENs¨5J=X$GI¨[S§Z=Mt5Z=LOeZ=tﬀZfG
Z=TGI¨[^JAE[SGI¨ﬀZfGZ=dB­yZhVﬃTcdPOP[UTcZ=t J.gA[wGI¨[^NUJAETYGsZ=E/G¬[UE/GIHKJA/V5NUMHYgA[ 1TK[U[ziOPoAMHK[:?A@`_03 @

Q5gRQcbeTPd d3ORSUTVOORSDQ +ﬂﬁ)3N3^D_ NPO?T3[_TPXUTVO_jTb]DgRZ3QwN3^kTu u






NPhT(b]dT3jRj_beTPd jSDNb54beTP^XYQ [QegR_ Z3Qc[ 
q  :B J-ﬃ '  'ﬁﬃ '+&.8&








VµVµ 1/ (         )1
0 _ )3DgRQ(3  bCSDQe(TVOR_bgRQ











§¨[NUJAELOBGIOPJAEzJAE GI¨[y[UE/GIHKJA/V OPENUHK[hZ=TK[M1 ?A@`Ł03;[UTYGsZ=tdPOPTK¨[UTGI¨ﬀZfGGI¨[yTYGsZfGI[ I_ 
SJ=XﬀGI¨[nﬀMOPL




















WﬃOPENU[R[ MﬀZfGIOPJAE 1 ?A@ H3S[ 2HK[UTKTK[UTzGI¨[ XZ=N3G^GI¨ﬀZfG 

OPTwGI¨[RTKdPJA [ J=XGI¨[RNs¨JAHKLﬂNUJAEE[UN3GIOPEo 3?

­cOBGI¨ I_ 
)!ﬀJAE[]NhZ=E {(Z=[]MTK[]J=XGI¨[]NUJAELOBGIOPJAE1 ?A@B?03GIJRL[ULMNU[ Z:XMHYGI¨[UH¬NUJAELOBGIOPJAEXJAHGI¨[






























































1 3% & 3 /3J"!


OPTcGI¨[]dPJﬃNhZ=dTKJAMEL TK [U[UL@ MﬀZfGIOPJAE 1 ?A@B?.kH3Z=dPdPJ.­cTyGI¨[UE GIJROPE/GI[UHKHK[3G
GI¨[TKdPJA [¬J=XGI¨[§Z=MtZ=LOeZ=tﬀZfGZfGyZ=E/VRoAOBgA[UE1 JAOPE/GyZ=THKJA JAHYGIOPJAEﬀZ=d2GIJzGI¨[dPJﬃNhZ=dﬀTKJAMEL1TK [U[UL
Z=EL GIJ1GI¨[:nﬀMOPL TwTK [UNUO

N gAJAdPM{R[=@ 	¬TKOPEo1 ?A@B?.kH3cGIJAoA[3GI¨[UHS­cOBGI¨ GI¨[:NUJAELOBGIOPJAE 1 ?A@B?.qH3!OBGwOPT
[hZ=TYVRGIJzTK¨J.­ GI¨ﬀZfGªGI¨[¬nﬀJ.­ [UE/GI[UHKOPEo:Z]TK¨JﬃN  XHKJAE/GyOPTZ=dB­yZhVﬃTTKM [UHKTKJAEOPNwZ=EL !ﬃTKOP{ROPdeZ=HKdBV0!=GI¨ﬀZfG

























GI¨[wnﬀMOPLgA[UdPJﬃNUOBGIOP[UTcZfGGI¨[^LO#"[UHK[UE/G¬TYGsZfGI[UTcJAE5GI¨[^§Z=Mt Z=LOeZ=tﬀZfGHK[UTK[UE/GI[UL OPE5iOPoAMHK[:?A@ m2@
  :B J-ﬃ '  'ﬁﬃ '+&.8&







VµVµ 1/ (         )
j 2
- (c    / V  )




0 _ )3DgRQﬂ3  bCSDQe(TVOR_b?gRQ

gRQcjQe^*OCTVOR_ N3^NPh1ORSDQ  TPDX
'
[_TPXUTVO TP^U[NPh1ORSDQ(T )3^D_ ORU[Q
NPhŁORSDQuUD_[ Z3Qed Nb]_ OR_ Qcj	TVO	ORSDQj OCTVORQcj2e(72TP^U[ 2   7D 5SDQ OCTP^ﬁ)3Qe^*OCjﬂORNORSDQT3[_TPXUTVO




N3gOR_ N3^UTPd ORN2ORSDQd NbeTPdjN3D^U[Wj








N3gOR_ N3^UTPdIORNORSDQkUD_[ Z3Qed Nb]_ OR_ QcjTPSDQcT3[
NPh?TP^U[XYQeSD_ ^U[ORSDQhigRN3^*Oc

















































































































































































 , 1 ?A@`_AŁ03
Z=EL !OPE(Z=oAHK[U[U{R[UE/G ­cOBGI¨RJAMH NUJA{R{RJAE TK[UETK[ﬂ!ﬃGI¨OPT OPT [ MOBg=Z=dP[UE/G GIJ]TIZhVﬃOPEo]GI¨ﬀZfGZ=E(Z=TYVﬃ{R2GIJ=GIO  
NhZ=dPdBV:­[hZRTK¨JﬃN  ­yZhgA[SGI[UELTGIJ HK[UTK[U{ tdP[SZ
D ;U>8=9  >
	3@ SE(GI¨[J=GI¨[UH¨ﬀZ=EL !2OPERGI¨[SNhZ=TK[SJ=X





























  <*9Wﬃ!) )10ﬃ!)1' <9;'(ﬃ!)*"+ﬁ  !"+ﬁﬃ!0




TK¨OBG<  kA}ﬁﬀC! MN {(Z=TYGI[UH Z=EL8«$ML2XJAHKL  _=qﬁﬀC! iOPN =[3GKGRZ=EL QwZhgﬃOPT  /qﬁﬀC! iﬀHKOP[ULHKOPNs¨T  ŁﬃﬀJ3!uGI¨[UTK[
LOPTKNUJAE/GIOPEMOBGIOP[UTyOPEGI¨[SnﬀJ.­ Z=HK[wL[UTKNUHKOPt [UL Z=Tc{RJ.gﬃOPEo:TKMHYXZ=NU[UTct/V5{R[hZ=ETJ=X;­c¨OPNs¨vZ:TKMOBGsZ=tdP[
nﬀMOPL{ROﬃGIMHK[SMEL[UHKoAJﬃ[UTcZ Ns¨[U{ROPNhZ=d
F : >ﬂ=-D @ﬁ;:?2>ﬂF @C;=
­cOBGI¨dPOPt [UHIZfGIOPJAERJ=X;¨[hZfGh@TcZ HK[UTKMdBGcJ=X
GI¨[wGIHIZ=ETYXJAHK{(ZfGIOPJAE !ﬃGI¨[wnﬀMOPLvt [U¨OPELGI¨[]HK[hZ=N3GIOPJAEXHKJAE/GcNhZ=E t [^[UOBGI¨[UHNUJA{RHK[UTKTK[UL Z=ELvL[  
NU[UdP[UHIZfGI[ULvJAHL[UNUJA{RHK[UTKTK[UL Z=EL Z=NUNU[UdP[UHIZfGI[UL@ §¨[]TYGIML2V5J=X;GI¨[^{ROPNUHKJA¨/VﬃTKOPNUTcOPEGI¨[^EﬀZ=HKHKJ.­
HK[UoAOPJAE ­c¨[UHK[ GI¨[:HK[hZ=N3GIOPJAE HKJﬃNU[UTKTK[UTwGsZ=[:deZ=NU[ OPT[ ﬃGIHK[U{R[UdBV NUJA{RdPOPNhZfGI[UL Z=EL Z=E [ 2¨ﬀZ=MT  
GIOBgA[GI¨[UJAHYV:J=XOBGu­cOBGI¨OPE:GI¨[cNUJAE/GI[ ﬃGJ=XHK[UdeZfGIOBgﬃOPTYGIOPNHK[hZ=N3GIOPJAE:XHKJAE/GIT ¨ﬀZ=T EJ=G t [U[UERHK[hZ=Ns¨[ULRVA[3Gh@
+ﬂQegRQTP^U[_ ^2ORSDQ	hiN3d d N,|_ ^ﬁ)!,wQ1,|_ d d b]N3^Uj_[Qeg|T3jgRQedTVOR_ Z1_j OR_b	T UD_[,|SDN*jQ	_ ^*ORQegR^UTPd:Qe^DQegA)3f_jwuUbCSdTPgA)3Qeg







gRQcjRjDgRQ|TP^U[Qe^DQegA)3fk[Qe^Uj_ O fkbeTP^(XYQﬂQcj OCTPXDd _jSDQc[ ?1UbCS2T!gRQedTVOR_ Z1_j OR_bwUD_[_j[_ a:QegRQe^*OŁhigRN3





TPgCTPQ]ORQegwQ(F*UTVOR_ N3^NPh?j OCTVORQ^DQeQc[DjwORN(XYQ!UjQc[ 
?.}  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 
¬[3gA[UHYGI¨[UdP[UTKT"!84KMTYGSZ=T¬XJAH¬TK¨JﬃN 5­yZhgA[UT"!$ZRTIZfGIOPTYXZ=N3GIJAHYV5¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d;L[UTKNUHKOP2GIOPJAE J=XHK[hZ=N  
GIOPJAE]XHKJAE/GIT;NhZ=E t [yZ=Ns¨OP[3gA[UL ­c¨[UE GI¨[UTK[yZ=HK[ªGIHK[hZfGI[UL:Z=TLOPTKNUJAE/GIOPEMOBGFV^TKMHYXZ=NU[UTuJ=XﬀOPE

EOBGI[UTKOP{(Z=d
Z=EL NUJAETYGsZ=E/Gw­cOPL2GI¨ Z=NUHKJATKTS­c¨OPNs¨ HIZ=OPL Ns¨ﬀZ=EoA[UTwOPE GI¨[znﬀMOPL g=Z=HKOeZ=tdP[UT¬JﬃNUNUMHU@&SENU[ Z=o/Z=OPE
GI¨OPTzZ=HKJh2OP{(ZfGIOPJAE OPT]NU[UHYGsZ=OPEdBV oAJﬃJﬃL OBXGI¨[ XHKJAE/Gz¨ﬀZ=TzZ5GI¨OPN E[UTKT]­c¨OPNs¨
OPT^{ MNs¨
TK{(Z=dPdP[UH
GI¨ﬀZ=E GI¨[GFVﬃOPNhZ=dydP[UEo=GI¨ TKNhZ=dP[1XJAH GI¨[1g=Z=HKOeZfGIOPJAE
J=X¬GI¨[1nﬀJ.­ g=Z=HKOeZ=tdP[UT:Z=EL8OBXcGI¨[1GI¨[UHK{(Z=d
Z=ELGI¨[SgﬃOPTKNUJAMTGIOP{R[STKNhZ=dP[UTcZ=HK[w{ MNs¨5TK{(Z=dPdP[UHªGI¨ﬀZ=EGI¨[wJAE[wTK[3G¬t/V1GI¨[w{RJ=GIOPJAE1J=XGI¨[wXHKJAE/G
1,­[:TK¨ﬀZ=dPduZ=TKTKM{R[ GI¨ﬀZfGSGI¨[UTK[ HK[ MOPHK[U{R[UE/GIT^Z=HK[:Z=dB­yZhVﬃTw{R[3GS­cOBGI¨OPE GI¨[:TKNU[UEﬀZ=HKOPJATwLOPTKNUMTKTK[UL
OPEGI¨OPT­JAH-3 @ªCFEvGI¨OPTHK[UTK [UN3Gﬁ! HK[hZ=N3GIOPJAEXHKJAE/GIT¬Z=HK[wgA[UHYV5TKOP{ROPdeZ=HªGIJRTK¨JﬃN 1XHKJAE/GIT¬Z=ELvNhZ=Evt [
[UTKTK[UE/GIOeZ=dPdBVRL[UTKNUHKOPt [UL5t/V({R[hZ=ETyJ=X$GI¨[STIZ={R[S{(ZfGI¨[U{(ZfGIOPNhZ=dGI¨[UJAHYV 1 xJAMHIZ=E/GcZ=EL5iﬀHKOP[ULHKOPNs¨T
 m/ﬁﬀC! «Z=ELﬀZ=M Z=EL8«$OBXTK¨OBG<  kA}ﬁﬀC! iOPN =[3GKG Z=EL8QwZhgﬃOPT /qﬀC! iﬀHKOP[ULHKOPNs¨T ŁﬁﬀC! MN {(Z=TYGI[UH:Z=EL
«$ML2XJAHKL _=qﬁﬀC! [UdPLJ.gﬃOPNs¨5[3GZ=d @C ?ŁA_ﬁﬀJ3 @
§¨[ {(Z=OPEvLO#"[UHK[UENU[zt [3GF­[U[UE TK¨JﬃN 5XHKJAE/GITSZ=EL HK[hZ=N3GIOPJAEvXHKJAE/GITOPTcGIJ(t []XJAMEL OPEvGI¨[
XZ=N3G;GI¨ﬀZfG;GI¨[ªnﬀMOPLT;JAEz[UOBGI¨[UH;TKOPL[ªJ=XZcHK[hZ=N3GIOPJAE]XHKJAE/GuZ=HK[ªNs¨[U{ROPNhZ=dPdBVwZ=EL ¨/VﬃTKOPNhZ=dPdBV95'  ﬃY@
ﬂ[w¨ﬀZhgA[^TK[U[UE 1 Wﬃ[UN3GIOPJAE ?A@B?/3 GI¨ﬀZfGcZ=TcZznﬀMOPLoAJﬃ[UTcZ=NUHKJATKTcZ TK¨JﬃN (XHKJAE/GOBGNhZ=E5t [SNUJA{RHK[UTKTK[UL





	w[ MﬀZfGIOPJAEﬂJ=XyTYGsZfGI[ ­cOPdPdu¨JAdPLJAEﬂ[UOBGI¨[UH]TKOPL[ J=XyGI¨[RTK¨JﬃN @§¨OPT]OPT^EJ=G]GI¨[RNhZ=TK[RXJAH]Z
HK[hZ=N3GIOPJAE XHKJAE/Gﬁ!XJAHS­c¨OPNs¨GI¨[ROPHKHK[3gA[UHKTKOPtdP[ HKJﬃNU[UTKTK[UT]GsZOPEovdeZ=NU[RZfG^GI¨[ XHKJAE/G
95;
HKJﬃLMNU[








Z=NUNUJAME/GIOPEoXJAHSGI¨[ LO#"[UHK[UE/G]OPE/GI[UHKEﬀZ=dutOPELOPEo[UE[UHKoAOP[UT 1Z=TwOPE GI¨[ NhZ=TK[ J=XyZEJAEHK[UdeZfGIOBgﬃOPTYGIOPN
nﬀMOPL 3JAH XJAHGI¨[LO#"[UHK[UE/GEM{ t [UHJ=X$L[UoAHK[U[UTJ=XXHK[U[ULJA{ JAH g=Z=NUMM{ [UE[UHKoAOP[UT 1Z=TOPE GI¨[NhZ=TK[
J=XuZ HK[UdeZfGIOBgﬃOPTYGIOPN¬nﬀMOPL 3 @
ﬀwOBgA[UERGI¨OPT LO#"[UHK[UENU[ﬂ!GI¨[Z=EﬀZ=dBVﬃTKOPT J=XHK[hZ=N3GIOPJAE XHKJAE/GITªHKJﬃNU[U[ULTOPERNUdPJATK[Z=EﬀZ=dPJAo=VzGIJ^GI¨[










> ﬂ: >ﬂF @C;= 9ﬂ@ >HG>ﬂF
Z=EL­c¨OPNs¨ﬂHK[UHK[UTK[UE/GIT









1QwZ=EOP[UdP[3­cOPN"(Z=EL acMMTfZ=E[U[UE  mAkﬁﬀC! JAEJA{R[3GKGIJ



































©¨/VﬃTKOPNhZ=dTKJAdPM2GIOPJAETzJ=X 1 ?A@ mA}H3]E[U[UL GIJ TIZfGIOPTYX,VGI¨[1NUJAETK[UHYg=ZfGIOPJAE J=X¬{RJA{R[UE/GIM{ OPEﬂGI¨[
E[3­ XJAHK{

















































CFE[ MﬀZ=dPOBGIOP[UT 1 ?A@ m/_03(Z=EL 1 ?A@ mAmH3(LOPTYGIOPEoAMOPTK¨<GI¨[ HK[hZ=N3GIOPJAE¦Z=LOeZ=tﬀZfGOPE/GIJ
GF­J LO#"[UHK[UE/G
























0 _ )3DgRQW3 |QcT3bMOR_ N3^+T3[_TPXUTVOuhiN3guORSDQj OCTVORQE2e(7 TP^U[;ORSDQ[_j OR_ ^UbMOR_ N3^+XYQ]O#,wQeQe^













N3_ ^*ORQc[2N3Oczﬃ,|_ ORS2ORSDQdTVOORQeg5XYQe_ ^ﬁ)k(TPgA43Qc[(X1f
SDQcTZ1f[NPOCje
?_  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 













OP{(Z=oAOPEﬀZ=HYVﬂ & ]B[ MﬀZfGIOPJAE1 ?A@ H3 ﬀ @
 ZOPEo MTK[ J=XziOPoAMHK[?A@ 8Z=ELlJ=XwGI¨[ HK[UdeZfGIOPJAET 1 ?A@ H3(Z=EL1 ?A@B?.kH3!OBG1OPT( JATKTKOPtdP[vGIJ
HK[hZ=dPOU[yGI¨ﬀZfGªOPE(Z^L[3GIJAEﬀZfGIOPJAE:GI¨[¬HK[hZ=N3GIOPJAE XHKJAE/GZ=dB­yZhVﬃTª{RJ.gA[UTZfGZMﬁﬀﬁ$% ./)'+&yTK [U[UL(HK[UdeZfGIOBgA[
GIJ:GI¨[^{R[ULOPM{Z=¨[hZ=L@0SE5GI¨[^J=GI¨[UH¨ﬀZ=EL !GI¨[^HK[hZ=N3GIOPJAEXHKJAE/GZ=dB­yZhVﬃTc{RJ.gA[UT¬ZfGZAﬁﬀ./)'+&










J=X;GI¨[^{R[ULOPM{ t [U¨OPELvOPTTKMtTKJAEOPN 1TKM [UHKTKJAEOPN 3yJAHTKM [UHKTKJAEOPN 1TKMtTKJAEOPN 3h@
EZ=LLOBGIOPJAEﬀZ=dZ=EL(TK [UNUOeZ=dNUdeZ=TKTªJ=X$HK[hZ=N3GIOPJAE XHKJAE/GITªOPT GI¨[¬JAE[cXJAH ­c¨OPNs¨RGI¨[cgA[UdPJﬃNUOBGFV J=X











§Z=tdP[wC 3 @ §¨[:XJAdPdPJ.­cOPEo(TK[UN3GIOPJAET]Z=HK[:L[3gAJ=GI[ULGIJvZtHKOP[3XªHK[3gﬃOP[3­J=XªGI¨[ {(Z=OPE HKJA [UHYGIOP[UTwJ=X
L[3GIJAEﬀZfGIOPJAEvZ=ELvL[3nZ=oAHIZfGIOPJAE1XHKJAE/GITU@
























































































 TPXDd Q 5SDQZVTPgR_ N3UjŁb]N3uXD_ ^UTVOR_ N3^UjŁNPh ORSDQﬂUD_[(Z3Qed Nb]_ OR_ Qcj?hiN3gŁORSDQ	[_ a:QegRQe^*OO f

Qcj
NPhwgRQcT3bMOR_ N3^WhigRN3^*Oc 5SDQZ3Qed Nb]_ OR_ Qcj!TPgRQgRQ]hiQegRgRQc[=ORNORSDQhigRN3^*O!gRQcj OhigCTPQ3z,|_ ORS

J
XYQe_ ^ﬁ)kORSDQUD_[Z3Qed Nb]_ O fTPSDQcT3[2NPh ORSDQhigRN3^*OﬂTP^U[


ORSDQ	UD_[Z3Qed Nb]_ O f(XYQeSD_ ^U[ORSDQ









yjQeQ!TPdjN 0 _ )3DgRQcj3 TP^U[ 3 1M
('











T{R[UE/GIOPJAE[UL1OPERGI¨[SHK[3gﬃOPJAMTTK[UN3GIOPJAE !2L[3GIJAEﬀZfGIOPJAERXHKJAE/GITHKJAﬀZ=o/ZfGI[TKM [UHKTKJAEOPNhZ=dPdBV HK[UdeZfGIOBgA[
GIJRGI¨[UOPHc{R[ULOPM{|Z=¨[hZ=L@TSZRNUJAETK[ M[UENU[ﬂ!$EJ(NhZ=MTIZ=d;OPE2nﬀM[UENU[]XHKJA{GI¨[^XHKJAE/GOPT¬ JATKTKOPtdP[
JAE OBGITMTYGIHK[hZ={ HK[UoAOPJAE J=XGI¨[znﬀJ.­ ­c¨OPNs¨ NhZ=EEJ=GSt [z [UHYGIMHKt [UL 1TK[U[ Z=dPTKJWﬃMtTK[UN3GIOPJAE ?A@ m2@B?
XJAHyZ=E[ ﬃGI[UEL[ULvLOPTKNUMTKTKOPJAEJ=X$GI¨[SNhZ=MTIZ=dTYGIHKMN3GIMHK[wJ=XHK[hZ=N3GIOPJAE(XHKJAE/GIT3 @  ¨[UEME [UHYGIMHKt [UL
nﬀMOPLRZfGªHK[UTYGªOPTNUHKJATKTK[UL1t/V Z^L[3GIJAEﬀZfGIOPJAE:XHKJAE/Gﬁ!/OBG OPTNUJA{RHK[UTKTK[UL !ﬃ¨[hZfGI[UL1Z=ELRTK[3GªOPE/GIJ^{RJ=GIOPJAE@
CFE oA[UE[UHIZ=dC!ﬀGI¨[z{RJ=GIOPJAE5OP{R{R[ULOeZfGI[UdBV1t [U¨OPELvGI¨[]XHKJAE/GOPT¬Ns¨ﬀZ=HIZ=N3GI[UHKOU[UL t/V ZRnﬀJ.­ HK[UoAOPJAEvOPE










[Q]ORN3^UTVOR_ N3^ ,5TZ3Q3 5SDQuSDQcTZ1fd _ ^DQb]DgRZ3Q!ORgCT3b]Qcj|ORSDQ ,wN3gRd[d _ ^DQ NPh?ORSDQ[Q]ORN3^UTVOR_ N3^
higRN3^*Ocz ,|SD_ d Q(ORSDQ[NPOORQc[;d _ ^DQcj gRQ

gRQcjQe^*O!ORSDQSDQcT3[_ ^ﬁ)+iSY!TP^U[gRQcTPg2igMhigRN3^*OCj!NPh
ORSDQ=gCTPgRQ]hyT3bMOR_ N3^E,5TZ3Q3LﬂNPORQORSUTVOC,|_ ORSD_ ^mORSD_jORgRQcTVORQe^*OORSDQ=SDQcT3[+NPh	ORSDQ=gCTPg 
Q]hyT3bMOR_ N3^C,5TZ3QﬂTP^U[ORSDQ	[Q]ORN3^UTVOR_ N3^(higRN3^*OwTPgRQb]N3_ ^Ub]_[Qe^*O5TP^U[2TPgRQﬂSDQegRQﬂgRQ

gRQcjQe^*ORQc[
T3j [_j OR_ ^ﬁ)3D_jSDQc[ hiN3gub]dTPgR_ O fWN3^Dd f3 5SDQb]N3^*OR_ ^1DN3Uj TPgRgRN,wQc[ d _ ^DQ(gRQ

gRQcjQe^*OCjORSDQ







@">5B,F @C;=  >
	zZ=EL OPTzdPOP{ROBGI[ULt/V Z TKM [UHKTKJAEOPNdP[hZ=LOPEo
XHKJAE/GSZ=EL t/V ZRHK[hZ=H¬[ULoA[zJAH	 GsZ=OPd 
 J=XGI¨[zHIZ=HK[3XZ=N3GIOPJAE5­yZhgA[ 1,GI¨OPT¬{RJ.gA[UTSZfG¬GI¨[zdPJﬃNhZ=d$TKJAMEL
TK [U[ULﬂOPE GI¨[RNhZ=TK[ ­c¨[UHK[ GI¨[ gA[UdPJﬃNUOBGFV OPT U[UHKJ ZfGwGI¨[RLJ.­cETYGIHK[hZ={jt JAMELﬀZ=HYV J=XGI¨[:nﬀJ.­3h@

+ﬂQegRQ,wQ/,|_ d d1TPd ,5Tfj XYQUj_ ^ﬁ)ﬂXYN3D^U[DTPgRfb]N3^U[_ OR_ N3^Uj ,|SD_bCSujQ]OIORSDQZ3Qed Nb]_ O fORN @eQegRN i_ ^kTﬂjD_ OCTPXDd QŁgRQ]hiQegRQe^Ub]Q
higCTPQwTVOﬂXYNPORSQe^U[Dj5NPh ORSDQ beTPdb]DdTVOR_ N3^UTPd [N3(TP_ ^I
?h  :B J-ﬃ '  'ﬁﬃ '+&.8&















x¨ﬀZ={(Z=E+ %=JAMoAM[3G¬GI¨JATK[zL[3GIJAEﬀZfGIOPJAET¬¨ﬀZhgﬃOPEo(HK[UTK [UN3GIOBgA[UdBV TKM [UHKTKJAEOPNﬂ!TKMtTKJAEOPNﬂ!Z=EL TKJAEOPN
LJ.­cETYGIHK[hZ={ nﬀJ.­cTU@ CG OPT]­JAHYGI¨
{R[UE/GIOPJAEOPEo ¨[UHK[(GI¨ﬀZfG:ZvXJAHK{(Z=d TKOP{ROPdeZ=HKOBGFV [ 2OPTYGIT t [3GF­[U[UE
L[3GIJAEﬀZfGIOPJAETªZ=ELRZ=EJ=GI¨[UH NUdeZ=TKT J=XHK[hZ=N3GIOPJAE:XHKJAE/GIT NhZ=dPdP[UL
B;=9
	




TKOPNhZ=dPdBV0!AGI¨[UTK[SZ=HK[¬LOPTKNUJAE/GIOPEMOBGFV:TKMHYXZ=NU[UTyZ=NUHKJATKTª­c¨OPNs¨1Z]TKM [UHKTIZfGIMHIZfGI[UL(g=Z= JAMH MEL[UHKoAJﬃ[UTyZ
¨ﬀZ=TK[wGIHIZ=ETYXJAHK{(ZfGIOPJAE1t [UNUJA{ROPEo Z:NUJAEL[UETK[ULvg=Z= JAMH 1DB ŁBﬃXJAo53 @uCG¬OPTyHK[UdP[3g=Z=E/GGIJ MEL[UHKdPOPE[
GI¨ﬀZfGSNUJAEL[UETIZfGIOPJAE LOPTKNUJAE/GIOPEMOBGIOP[UTZ=HK[ LOPTYGIOPEN3GS¨[UEJA{R[UEﬀZ1Z=EL LJ1EJ=GSTKOP{RdBV5HK[UTKMdBGSXHKJA{
GI¨[zNUJA{RHK[UTKTKOPJAE J=X Z nﬀMOPL Z=NUHKJATKTSZ(TK¨JﬃN ­yZhgA[=@SCFE oA[UE[UHIZ=dC! OPEvXZ=N3Gﬁ!GI¨[zNUJA{RHK[UTKTKOPJAE J=X Z
nﬀMOPL [UdP[U{R[UE/GªZ=NUHKJATKTªZSTK¨JﬃN  ­yZhgA[¬HKJﬃLMNU[UTªZwdPJﬃNhZ=d2OPENUHK[hZ=TK[J=X GI¨[GI[U{R [UHIZfGIMHK[deZ=HKoA[UHGI¨ﬀZ=E
GI¨[cdPJﬃNhZ=d2OPENUHK[hZ=TK[cJ=X GI¨[cL[UoAHK[U[cJ=XTKM [UHKTIZfGIMHIZfGIOPJAE@§¨OPT OPTuGI¨[cHK[hZ=TKJAE:XJAHu­c¨OPNs¨RJAEdBVzGI¨JATK[
nﬀMOPLT^­cOBGI¨ﬂdeZ=HKoA[ ¨[hZfGzNhZ=ﬀZ=NUOBGIOP[UT]Z=HK[(Z=tdP[ GIJvMEL[UHKoAJ GI¨OPTwGFVﬃ [(J=X¨ﬀZ=TK[RGIHIZ=ETYXJAHK{(ZfGIOPJAE@
WﬃOP{ROPdeZ=HGIJ L[3GIJAEﬀZfGIOPJAEXHKJAE/GIT"!NUJAEL[UETIZfGIOPJAE
LOPTKNUJAE/GIOPEMOBGIOP[UT]Z=HK[([ 2J=GI¨[UHK{ROPNRHKJﬃNU[UTKTK[UT:Z=EL
GI¨[UOPHSXJAHK{(Z=duL[UTKNUHKOP2GIOPJAE NUdPJATK[UdBV HK[UTK[U{ tdP[UT^GI¨[ JAE[ J=XyL[3GIJAEﬀZfGIOPJAETS­cOBGI¨ ­c¨OPNs¨ GI¨[3V TK¨ﬀZ=HK[
{(Z=E/VRJ=XGI¨[UOPHªHKJA [UHYGIOP[UT 1«Z=ELﬀZ=MZ=EL«$OBXTK¨OBG<9 kA}ﬀC!2§¨JA{RTKJAEZ=EL wOP{  ?.q2? ﬀC!ﬃ§¨JA{RTKJAE








GIHIZ=ETKOBGIOPJAET 1dP[Uo/ZfGI[SZ=EL5¬JAo/Z=E  qﬀC!«Z=OPE[ /ﬁﬀJ3­c¨OPNs¨­[­cOPdPd t [SLOPTKNUMTKTKOPEo:OPERGI¨[wdeZfGI[UH
Ns¨ﬀZ=2GI[UHKT¬J=X;GI¨OPT§¨[UTKOPTU@
CF{R JAHYGsZ=E/G¬X[hZfGIMHK[UTJ=XL[3GIJAEﬀZfGIOPJAET¬NhZ=E t [zL[ULMNU[UL t/VvNUJAME/GIOPEoRGI¨[zEM{ t [UHJ=X YME+ 
EJ.­cET
 ­c¨OPNs¨ Z=HK[ GFVﬃOPNhZ=dSJ=XzGI¨[ ¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=dSTKJAdPM2GIOPJAE J=X Z L[3GIJAEﬀZfGIOPJAEl­yZhgA[=@ CFE
oA[UE[UHIZ=dC!­[ E[U[UL GIJ5NhZ=dPNUMdeZfGI[]GI¨[ [UE[UHKo=V L[UETKOBGIOP[UT^Z=EL GI¨[:gA[UdPJﬃNUOBGIOP[UTSJAE [hZ=Ns¨TKOPL[:J=X GI¨[
LOPTKNUJAE/GIOPEMOBGFVvTKMHYXZ=NU[ Z=EL GI¨[zgA[UdPJﬃNUOBGFVvZfG­c¨OPNs¨ GI¨OPT¬XHKJAE/G{RJ.gA[UTSHK[UdeZfGIOBgA[^GIJ1TKJA{R[]NUJﬃJAHKLO  
EﬀZfGI[ TYVﬃTYGI[U{v@(CFE GI¨[RNhZ=TK[ J=XZ5L[3GIJAEﬀZfGIOPJAE !GI¨[UTK[RHK[UHK[UTK[UE/G
















XHKJAE/G3­cOPdPdMTKMﬀZ=dPdBV5Z=dPdPJ.­ GIJRTK [UNUOBX,V1GI¨[wgA[UdPJﬃNUOBGFV5Z=EL5GI¨[^TYGsZfGI[]J=X;GI¨[]MEHK[hZ=N3GI[ULvnﬀMOPL !GI¨MT
HK[ULMNUOPEo GIJ JAE[wGI¨[^EM{ t [UHcJ=XME EJ.­cETU@
¬J.­[3gA[UH"!uGI¨[UHK[(OPTzZvTK [UNUOeZ=d NUdeZ=TKT]J=XL[3GIJAEﬀZfGIOPJAETw­c¨JATK[1¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d TKJAdPM2GIOPJAE OPT
NUJA{RdP[3GI[UdBVlL[3GI[UHK{ROPE[UL ./) OPE GI[UHK{RTvJ=X GI¨[ﬂt JAMELﬀZ=HYV NUJAELOBGIOPJAETvZ=EL J=XzGI¨[ﬂ[UE[UHKo=V 
{RJA{R[UE/GIM{ NUJAETK[UHYg=ZfGIOPJAE@u§¨OPTOPTGI¨[yNhZ=TK[yJ=XGI¨[cx¨ﬀZ={(Z=E+ %=JAMoAM[3GuL[3GIJAEﬀZfGIOPJAET"!=XJAH;­c¨OPNs¨
GI¨[¬gA[UdPJﬃNUOBGFVRJAM2GyJ=XGI¨[¬XHKJAE/Gy[ MﬀZ=dPTªGI¨[dPJﬃNhZ=dTKJAMELTK [U[UL@ªx¨ﬀZ={(Z=E+ %=JAMoAM[3GyL[3GIJAEﬀZfGIOPJAET
HK[UHK[UTK[UE/GzZ1ﬀZ=HYGIOPNUMdeZ=HKdBV5HK[UdP[3g=Z=E/GwNUdeZ=TKTSJ=XªHK[hZ=N3GIOPJAE XHKJAE/GIT"!XJAH­c¨OPNs¨ OBGwNhZ=E t [ TK¨J.­cE GI¨ﬀZfG
 :B J-ﬃ '  'ﬁﬃ '+&.8&	     ,H&/ﬃ '+././ﬃ  ?
GI¨[]nﬀMOPLvgA[UdPJﬃNUOBGFV Z=¨[hZ=L J=XuGI¨[zXHKJAE/GSZ=EL GI¨[z[UE/GIHKJA/V J=XGI¨[]nﬀMOPL t [U¨OPEL GI¨[]XHKJAE/GwZ=HK[ ZfG
Z5{ROPEOP{ M{ 1 x¨ﬀZ={(Z=E+ %=JAMoAM[3GzL[3GIJAEﬀZfGIOPJAET]Z=HK[:GI¨[UEﬂGI¨[RTKdPJ.­[UTYGzJ=XZ=dPd JATKTKOPtdP[ L[3GIJAEﬀZ  
GIOPJAET3 @ vJAHK[UJ.gA[UH"!$GI¨[:[UE/GIHKJA/V24KM{RZ=NUHKJATKT^Z5x¨ﬀZ={(Z=E+ %=JAMoAM[3G^L[3GIJAEﬀZfGIOPJAE XHKJAE/GwOPTwZfG]Z
{(Z2OP{ M{v@





MEL[UHGI¨[XJAHK{9J=X$x¨ﬀZ={(Z=E+ %=JAMoAM[3G L[3GIJAEﬀZfGIOPJAETªZ=ELRZwHKJﬃJ=XJ=X GI¨OPTuXJAH
Z=EOPL[hZ=d TK[UdBXTKOP{ROPdeZ=H L[3GIJAEﬀZfGIOPJAE1NhZ=Et [XJAMELOPE5xJAMHIZ=E/GcZ=EL5iﬀHKOP[ULHKOPNs¨T: m/ﬁﬀJAHOPE«Z=ELﬀZ=M
Z=ELﬂ«$OBXTK¨OBG< kA}ﬁﬀ @RdBGI¨JAMoA¨ OPE EﬀZfGIMHK[RL[3GIJAEﬀZfGIOPJAETwOPE Ns¨[U{ROPNhZ=dNUJA{ tMTYGIOPJAEJ=X,GI[UEZ= [hZ=H
Z=NUNUJA{RﬀZ=EOP[ULvt/VvEJAEdPOPE[hZ=H[ "[UN3GITE1TKMNs¨ Z=TcGIHIZ=ETYgA[UHKTK[ TK¨JﬃN ­yZhgA[UTSJAHcGIMHKtMdP[UENU[iOPN =[3GKG
Z=EL:QwZhgﬃOPT  /qﬁﬀJ3!AOBGTK[U[U{RTGI¨ﬀZfGGI¨[y¨/Vﬃ J=GI¨[UTKOPTuOPToA[UE[UHIZ=dPdBVwgA[UHKO

[UL GIJwZ¬oAJﬃJﬃL Z=HKJh2OP{(ZfGIOPJAE !
­cOBGI¨ L[3GIJAEﬀZfGIOPJAEzXHKJAE/GITu­c¨OPNs¨ Z=dBGI¨JAMoA¨ NUJA{RdPOPNhZfGI[UL !fHKJAﬀZ=o/ZfGI[ZfGZSNUJAETYGsZ=E/GgA[UdPJﬃNUOBGFV]NUdPJATK[
GIJ:GI¨[^GI¨[UJAHK[3GIOPNhZ=dx¨ﬀZ={(Z=E+ %=JAMoAM[3Gcg=Z=dPM[21«$[3­cOPT¬Z=EL5gAJAEdPt [E kAﬀC!  OPdPdPOeZ={RT  ?.qAkﬀC!«$[U[
 k/ŁﬁﬀJ3 @
CG1TK¨JAMdPLlt [ MEL[UHKdPOPE[UL¢GI¨ﬀZfGZ=dBGI¨JAMoA¨¢­[hZ L[3GIJAEﬀZfGIOPJAET(OPE<Ns¨[U{ROPNhZ=d¬NUJA{ tMTYGIOPJAE
TIZfGIOPTYX,VRGI¨[wNUJAETK[UHYg=ZfGIOPJAEdeZh­cT"!ﬃGI¨[3V1NhZ=EEJ=Gct [SHK[hZ=dPOU[UL1OPEHIZ=N3GIOPNU[ h@ TKOP{RdP[HKJﬃJ=XJ=XGI¨OPT
NhZ=E NUJA{R[1XHKJA{ NUJAETKOPL[UHKOPEoZ L[3GIJAEﬀZfGIOPJAE XHKJAE/GRZ=TRZ HK[UoAOPJAE J=X

EOBGI[1­cOPL2GI¨¢Z=NUHKJATKT:­c¨OPNs¨
GI¨[]HK[hZ=N3GIOPJAE5GsZ=[UTSdeZ=NU[]Z=ELv­c¨JATK[]XJAHY­yZ=HKL deZhVA[UH¬OPT¬HK[UHK[UTK[UE/GI[UL t/V ZRTK¨JﬃN XHKJAE/G¬{RJ.gﬃOPEo
OPE/GIJvGI¨[1MEHK[hZ=N3GI[UL nﬀMOPL 1«Z=ELﬀZ=M Z=EL8«$OBXTK¨OBG<ﬂ kA}ﬁﬀJ3.@ CFEﬂGI¨OPTzNhZ=TK[ﬂ!GI¨[1[3gAJAdPM2GIOPJAEﬂJ=XGI¨[
¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d MﬀZ=E/GIOBGIOP[UT(Z=NUHKJATKT(GI¨[ HK[hZ=N3GIOPJAE¢XHKJAE/G1NhZ=E<t [vXJAdPdPJ.­[UL¢t/V¢MTKOPEo
ZﬂTK¨JﬃN 
Z=LOeZ=tﬀZfG^GI¨HKJAMoA¨ Zv JAOPE/G HK[UHK[UTK[UE/GIOPEo GI¨[(MEHK[hZ=N3GI[UL
nﬀMOPL
Z=EL ZvGIHIZ=ETKOBGIOPJAEﬂZ=LOeZ=tﬀZfGzZ=T
TK¨J.­cE OPEviOPoAMHK[ ?A@ q2@
 ¨[UE GI¨[ nﬀMOPL¦{RJ.gA[UT Z=NUHKJATKTvGI¨[TK¨JﬃN l­yZhgA[ﬂ!]OBG5OPTv¨[hZfGI[UL Z=EL NUJA{RHK[UTKTK[UL Z=EL
[ "[UN3GIOBgA[UdBV {RJ.gA[UTSJAE GI¨[zNs¨JAHKLwXHKJA{| JAOPE/G	GIJ1 JAOPE/G	.@w§¨[ ¨/VﬃTKOPNhZ=duNUJAELOBGIOPJAET¬¨ﬀZhgA[




¨ﬀZ=T t [U[UE [3gAJAdBgA[UL@ §¨[







 |QcT3bMOR_ N3^(higRN3^*OCjSUTZ3QXYQeQe^gRQcb]Qe^*ORd f(b]N3^Uj_[QegRQc[khiN3g|j ORU[f1_ ^ﬁ) ORSDQ	S1f[gRN[f1^UTP_bejŁNPhIORSDQ

SUT3jQ_ ^*ORQeghyT3b]Q
[DgR_ ^ﬁ)b]N*jN3d N*)3_beTPd \UgCj ON3gC[Qeg

SUT3jQuORgCTP^Uj_ OR_ N3^UjTP^U[ ORSD_j-,|_ d d?XYQhiDgORSDQeg![_jRb]UjRjQc[W_ ^;.SUT

ORQeg  kTP^U[ U
+ﬂN,wQeZ3QegczwXYQcbeTPUjQ NPh!ORSDQ [_ a:QegRQe^Ub]Qcj2XYQ]O#,wQeQe^$bCSDQe_beTPd	b]N3uXDUj OR_ N3^$TP^U[

SUT3jQ=ORgCTP^Uj_ OR_ N3^Ujez|^DQe_ ORSDQeg2ORSDQ









SUT3jQ	ORgCTP^Uj_ OR_ N3^Uj! > TP_ ^DQ  ~zDgA41_  1DN3^D_ NTP^U[ > TP_ ^DQ   iM
 .N3DgCTP^*O|TP^U[0DgR_ Qc[gR_bCSUj  ISUTZ3QTPdjNkjﬁ)*)3Qcj ORQc[(ORSDQ!(TVORSDQe(TVOR_beTPd:Q(F*D_ ZVTPd Qe^Ub]QXYQ]O#,wQeQe^T[Q]ORN3^UTVOR_ N3^
TP^U[Tk[Q]YT )3gCTVOR_ N3^2_ ^D_ OR_TVORQc[2X1f2TkjSDNb54higRN3^*Oc A^2ORSD_j|jQe^UjQ3zTkj ORgRN3^ﬁ)k[Q]ORN3^UTVOR_ N3^,wN3Dd[2XYQQ(F*D_ ZVTPd Qe^*OwORNT
jSDNb54(higRN3^*O5hiN3d d N,wQc[2X1fT!,wQcT 4[Q]YT )3gCTVOR_ N3^TP^U[T!,wQcT 4[Q]ORN3^UTVOR_ N3^,wN3Dd[XYQ!Q(F*D_ ZVTPd Qe^*O5ORN2TjSDNb54(higRN3^*O
hiN3d d N,wQc[2X1fTj ORgRN3^ﬁ)[Q]YT )3gCTVOR_ N3^I
K

Q!TPgRQﬂSDQegRQT3jRjD_ ^ﬁ) ORSUTVO|[_ a:Uj_ N3^TP^U[2Z1_jRb]N*j_ O f(TfXYQ	^DQ)3d QcbMORQc[2_ ^2ORSDQ	gRQcT3bMOR_ N3^C@eN3^DQ3zjN ORSUTVOwORSDQ
?.q  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 
Ns¨[U{ROPNhZ=d NUJA{ tMTYGIOPJAE !;GI¨[UE
GI¨[(NUJAELOBGIOPJAEJAEGI¨[([UE/GIHKJA/VﬂOPENUHK[hZ=TK[1Z=NUHKJATKT]GI¨[(L[3GIJAEﬀZfGIOPJAE
XHKJAE/GwLJﬃ[UTSEJ=G^Z=dPdPJ.­ GI¨[ dPJ.­[UHS JAOPE/G
#
1,GI¨ﬀZfGS­JAMdPL NUJAHKHK[UTK JAEL GIJ5ZR­[hZ L[3GIJAEﬀZfGIOPJAE 3GIJ









0 _ )3DgRQ!3   bCSDQe(TVOR_bﬂ[_T )3gCTP(j?jSDN,|_ ^ﬁ)ORSDQ_ 

N*jRj_ XD_ d _ O fkNPh ,wQcT 4k[Q]ORN3^UTVOR_ N3^Uj





N3_ ^*OYzﬁ,|SD_ d QORSDQ b]N3^*OR_ ^1DN3Ujwd _ ^DQ!S1f

QegRXYN3dTk_jwORSDQORgCTP^Uj_ OR_ N3^T3[_TPXUTVOc
CFEWﬃMtTK[UN3GIOPJAE8?A@ m2@`_8!­[:TK¨ﬀZ=dPd;HKJ.gA[ GI¨ﬀZfGSTYGIHKJAEo5Z=ELx¨ﬀZ={(Z=E+ %=JAMoAM[3GSL[3GIJAEﬀZfGIOPJAET
Z=HK[S[3gAJAdPM2GIOPJAEﬀZ=HYV(Z=EL5dPOPE[hZ=HKdBV:TYGsZ=tdP[GIJ:NUJAHKHKMo/ZfGIOPJAETJ=X$GI¨[wL[3GIJAEﬀZfGIOPJAE(XHKJAE/Gh@ ¬J.­[3gA[UH"!ﬀ­[
TK¨ﬀZ=dPd$Z=dPTKJ oAOBgA[^Z:tHKOP[3XHKJﬃJ=XGI¨ﬀZfGﬁ!ﬀOPEoA[UE[UHIZ=dC!t JAMELﬀZ=HYVNUJAELOBGIOPJAETyLJREJ=G¬Z=dPdPJ.­ XJAHTYGIHKJAEo
L[3GIJAEﬀZfGIOPJAETGIJRt [^HKJﬃLMNU[UL OPEvHIZ=N3GIOPNU[=@iﬀHKJA{ GI¨OPT¬Z=EL5GI¨[zZ=t J.gA[zZ=HKoAM{R[UE/GITZ=t JAM2G­[hZ









GI¨[NUdeZ=TKTKOPNhZ=dGI¨[UJAHYV J=XNUJA{ tMTYGIOPJAE Z=EL:deZ={ROPEﬀZ=H$nZ={R[UTU@SMOBGI[LO#"[UHK[UE/GIdBV]XHKJA{ L[3GIJAEﬀZfGIOPJAET"!
L[3nZ=oAHIZfGIOPJAE XHKJAE/GIT({RJ.gA[ TKMtTKJAEOPNhZ=dPdBV8HK[UdeZfGIOBgA[5GIJGI¨[UOPHR{R[ULOPM{ Z=¨[hZ=LlZ=EL GI¨OPT(OPT GI¨[UE
(T3jRj|TP^U[N3Qe^*ORDORgCTP^Uj hiQegﬂbeTP^OCT 43Q






dT3b]Q!TPd N3^ﬁ)Tb]N3^Uj OCTP^*O i{~} V}Djd N

Qwb]DgRZ3Q3
 :B J-ﬃ '  'ﬁﬃ '+&.8&	     ,H&/ﬃ '+././ﬃ  ?Ł
[ MOBg=Z=dP[UE/G GIJ]¨ﬀZhgA[ﬂ!ﬃOPE GI¨[¬HK[UTYGªXHIZ={R[J=XGI¨[XHKJAE/Gﬁ!/GI¨[cgA[UdPJﬃNUOBGFV:J=XGI¨[cnﬀMOPLRt [U¨OPEL GI¨[XHKJAE/G







	¬­c¨OPNs¨ GIHIZhgA[UdPT^OPE GI¨[ MEHK[hZ=N3GI[UL
{R[ULOPM{ Z=¨[hZ=LvJ=X;GI¨[wL[3nZ=oAHIZfGIOPJAEXHKJAE/Gh@yGGI¨[^dP[hZ=LOPEo:[ULoA[wJ=X;GI¨[^HK[UNUJA{RHK[UTKTKOPJAE­yZhgA[
GI¨[UHK[SOPTyZzTK¨JﬃN RXHKJAE/GcZfGydP[hZ=TYGyOPE1HKOPENUOPdP[ 1OBG{(ZhVR¨ﬀZhgA[w[UTKTK[UE/GIOeZ=dPdBV g=Z=EOPTK¨OPEo:Z={RdPOBGIML[cOPE
HIZ=N3GIOPNU[ 3;­c¨OPNs¨ {RJ.gA[UTTKM [UHKTKJAEOPNhZ=dPdBVzHK[UdeZfGIOBgA[GIJwGI¨[{R[ULOPM{9Z=¨[hZ=L J=XOBGZ=EL ¨ﬀZ=TuGI¨[[ "[UN3G
J=XZ=NUNU[UdP[UHIZfGIOPEo)!$NUJA{RHK[UTKTKOPEovZ=EL ¨[hZfGIOPEo1GI¨[:nﬀMOPL t [3XJAHK[ OBGwOPTSTY­[U2Gzt/V GI¨[:L[3nZ=oAHIZfGIOPJAE
XHKJAE/Gh@ CGITHKJAdP[ OPTRGI¨[UHK[3XJAHK[ GI¨ﬀZfGJ=X^[UTYGsZ=tdPOPTK¨OPEo
TKMOBGsZ=tdP[ ¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=dSZ=ELlNs¨[U{ROPNhZ=d
NUJAELOBGIOPJAETuMEL[UH­c¨OPNs¨ GI¨[cHK[hZ=N3GIOPJAE JAHNUJA{ tMTYGIOPJAE NhZ=E:GsZ=[cdeZ=NU[ 1,GI¨[cTIZ={R[HKJAdP[OPTdeZhVA[UL
t/V<GI¨[ TKM [UHKTKJAEOPN HK[hZ=N3GIOPJAE<XHKJAE/G5OBGITK[UdBX]OPE Z L[3GIJAEﬀZfGIOPJAE 3 @9CG5OPT1­JAHYGI¨ MEL[UHKdPOPEOPEo
GI¨ﬀZfG
GI¨[ nﬀMOPLMEL[UHKoAJﬃ[UTzZvNs¨[U{ROPNhZ=dJAH^¨/VﬃTKOPNhZ=d GIHIZ=ETYXJAHK{(ZfGIOPJAE JAEdBV ­c¨[UE
OBG^OPT^TY­[U2G t/V GI¨[
L[3nZ=oAHIZfGIOPJAE5XHKJAE/GSZ=EL GI¨ﬀZfG¬GI¨[UHK[zOPT¬EJ(Ns¨[U{ROPNhZ=d;LO#"[UHK[UENU[zt [3GF­[U[UE GI¨[]nﬀMOPLTJAEvGI¨[]GF­J
TKOPL[UTcJ=X;GI¨[^HK[UNUJA{RHK[UTKTKOPJAEvTK¨JﬃN 1XHKJAE/Gh@
t














[Q]YT )3gCTVOR_ N3^ ,5TZ3Qcje 5SDQ d Q]hpO[_T )3gCTPgRQ]hiQegCj5ORNT2j OCTP^U[DTPgC[;yjDXUjN3^D_bc|[Q]YT )3gCT 
OR_ N3^Iz,|SD_ d QORSDQ(gR_ )3S*O!N3^DQkORN Tj

QegCjN3^D_b[Q]YT )3gCTVOR_ N3^I 5SDQ(SDQcTZ1f=d _ ^DQ2b]DgRZ3Qcj
ORgCT3b]QkORSDQ ,wN3gRd[d _ ^DQNPhORSDQ2[Q]YT )3gCTVOR_ N3^ higRN3^*OCjez ,|SD_ d QORSDQ(d N3^ﬁ)A[DT3jSDQc[ d _ ^DQcj!TPgRQ




gRQcjRj_ N3^jSDNb54(higRN3^*Oc 5SDQ [NPOORQc[d _ ^DQ _ ^ORSDQ gR_ )3S*O
[_T )3gCTP gRQ

gRQcjQe^*OCj5ORSDQugRQcTPgkigM5higRN3^*ONPh?ORSDQugCTPgRQ]hyT3bMOR_ N3^ ,5TZ3Q3 5SDQkb]N3^*OR_ ^1DN3Uj
TPgRgRN,wQc[kd _ ^DQcjwgRQ

gRQcjQe^*OŁORSDQ1,wN3gRd[d _ ^DQcj?\Y[Ub]_TPdYUD_[2Qed QeQe^*OCjez ,|SD_ d Q TP^U[TPgRQ
\Y[Ub]_TPd OR_ Q TP^U[j

T3b]Q!b]N1N3gC[_ ^UTVORQcje
?.  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 










> ﬂ: >ﬂF @C;=
1 wMHO  YWﬃMJAEOPJ¬Z=ELz«Z=OPE[ /_ﬃﬀJ3!XJAH$­c¨OPNs¨]GI¨[ªL[3nZ=oAHIZfGIOPJAE
XHKJAE/G¬{RJ.gA[UTcTKM [UHKTKJAEOPNhZ=dPdBV1HK[UdeZfGIOBgA[SGIJ:GI¨[]Z

2[UL NUJﬃJAHKLOPEﬀZfGI[wTYVﬃTYGI[U{`JMJ 1TK[U[]iOPoAMHK[:?A@`Ł03 @
CFE GI¨[UOPHNUJA{RM2GsZfGIOPJAET"!  wMHO  YWﬃMJAEOPJ(Z=EL «Z=OPE[]¨ﬀZhgA[ NUJAETKOPL[UHK[UL GI¨[zTKM [UHKTKJAEOPN L[  
nZ=oAHIZfGIOPJAEzZ=TNUJA{R JATK[UL J=XZSx¨ﬀZ={(Z=E+ %=JAMoAM[3GuL[3nZ=oAHIZfGIOPJAE^XJAdPdPJ.­[ULzt/V Z¬HIZ=HK[3XZ=N3GIOPJAE]­yZhgA[=@






3!/­[¨[UHK[¬EJ=GI[GI¨ﬀZfG GI¨OPT HK[UTYGIHKOPN3GIOBgA[¬¨/Vﬃ J=GI¨[UTKOPTªLJﬃ[UT











NUJAHKHK[UTK JAELOPEoSHK[UTK [UN3GIOBgA[UdBVzGIJSTKM [UHKTKJAEOPN
­[hZ Z=ELTYGIHKJAEo5L[3nZ=oAHIZfGIOPJAETwXJAdPdPJ.­[UL t/V HIZ=HK[3XZ=N3GIOPJAE ­yZhgA[UTU@(CG]TK¨JAMdPLt [:EJ=GI[UL GI¨ﬀZfGzZ
TKM [UHKTKJAEOPNwL[3nZ=oAHIZfGIOPJAE1NUJAMdPL1[3gA[UE/GIMﬀZ=dPdBV1[3gAJAdBgA[wOPE/GIJ:Z L[3GIJAEﬀZfGIOPJAE1OBXGI¨[wL[3nZ=oAHIZfGIOPJAE(XHKJAE/G
­JAMdPLNUJ/Z=dP[UTKNU[¬­cOBGI¨OBGITªHK[UNUJA{RHK[UTKTKOPJAETK¨JﬃN @ §¨OPTyNUJAMdPL1¨ﬀZ= [UE !ﬃXJAHOPETYGsZ=ENU[ﬂ!2­c¨[UE1GI¨[
TYGIHK[UEo=GI¨ J=XGI¨[]HK[UNUJA{RHK[UTKTKOPJAE TK¨JﬃN 1XHKJAE/GOPENUHK[hZ=TK[UT¬TKJ({ MNs¨vGI¨ﬀZfG¬OBGITcTK [U[ULv­JAMdPL [ MﬀZ=d
GI¨ﬀZfGcJ=XZ:L[3GIJAEﬀZfGIOPJAEXHKJAE/G 1 xJAMHIZ=E/GZ=EL iﬀHKOP[ULHKOPNs¨T  m/ﬃﬀJ3 @
TªXJAHªL[3GIJAEﬀZfGIOPJAET"!ﬃL[3nZ=oAHIZfGIOPJAETªNhZ=E(t [¬XMHYGI¨[UHLOPTYGIOPEoAMOPTK¨[ULROPE/GIJ]­[hZ !2TYGIHKJAEo Z=EL
x¨ﬀZ={(Z=E+ %=JAMoAM[3GL[3nZ=oAHIZfGIOPJAETyZ=NUNUJAHKLOPEo GIJz­c¨[3GI¨[UHGI¨[nﬀMOPL1gA[UdPJﬃNUOBGFVRt [U¨OPEL1GI¨[wL[3nZ  
oAHIZfGIOPJAE XHKJAE/GzOPT^TKM [UHKTKJAEOPNﬂ!TKMtTKJAEOPNﬂ!uJAH^TKJAEOPNRHK[UTK [UN3GIOBgA[UdBVA@§¨[RNUJAME/G J=XGI¨[RME EJ.­cET
OPE GI¨[:¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=duTKJAdPM2GIOPJAE J=XZL[3nZ=oAHIZfGIOPJAE XHKJAE/G^OPTSTKJA{R[3­c¨ﬀZfG^{RJAHK[ [UdeZ=t JAHIZfGI[:Z=T^Z
NUJAETK[ M[UENU[(J=X GI¨[:¨OPoA¨[UHSEM{ t [UHwJ=XªLOPTKNUJAE/GIOPEMOBGFV TKMHYXZ=NU[UTwGI¨ﬀZfGwNUJAMdPL t [:HK[UTK[UE/Gh@ ¬[3g  
[UHYGI¨[UdP[UTKT"!$OBGwOPTTYGIHIZ=OPoA¨/GKXJAHY­yZ=HKL GIJTK¨J.­ GI¨ﬀZfGSGI¨[UHK[ Z=HK[zGI[UE LO#"[UHK[UE/GwME EJ.­cET 1+'CB DBﬃ Z=EL













NhZ=TK[ J=XªZRTYGsZ=ELﬀZ=HKL L[3nZ=oAHIZfGIOPJAEv­yZhgA[ Z=EL GF­[UdBgA[L1+'CB DBGI¨[ TIZ={R[ Z=Tt [3XJAHK[zdPMT¬GI¨[ [UE[UHKo=V
L[UETKOBGFVt [U¨OPELGI¨[ GsZ=OPdJ=XyGI¨[RHIZ=HK[3XZ=N3GIOPJAE ­yZhgA[Z=ELﬂOBGIT^gA[UdPJﬃNUOBGFV)3SOPEGI¨[RNhZ=TK[(J=XcZ5TKM [UH  
TKJAEOPN:L[3nZ=oAHIZfGIOPJAE 1 wMHO  YWﬃMJAEOPJ  A}ﬀJ3 @z§¨[4KMEN3GIOPJAE NUJAELOBGIOPJAETwZ=NUHKJATKTSGI¨[ LOPTKNUJAE/GIOPEMOBGFV





J=XGI¨[(ME EJ.­cETzXJAH ZvTKM [UHKTKJAEOPN
L[3nZ=oAHIZfGIOPJAE@
T:ZvHK[UTKMdBGﬁ!uL[3nZ=oAHIZfGIOPJAE ­yZhgA[UT:HK[UHK[UTK[UE/G OPE/GIHKOPETKOPNhZ=dPdBV MEL[UHKL[3GI[UHK{ROPE[ULﬂXHKJAE/GIT Z=EL
GI¨OPT HK[3nﬀ[UN3GITRGI¨[5OP{R JATKTKOPtOPdPOBGFVJ=XSL[

EOPEo GI¨[gA[UdPJﬃNUOBGFV J=XGI¨[vL[3GIJAEﬀZfGIOPJAE XHKJAE/G XHKJA{ GI¨[
OPEOBGIOeZ=dNUJAELOBGIOPJAETyZ=EL1GI¨[wNUJAETK[UHYg=ZfGIOPJAE[ MﬀZfGIOPJAET 1«Z=ELﬀZ=M5Z=EL5«$OBXTK¨OBG< kA}ﬀJ3 @§¨[SXMHYGI¨[UH
[ MﬀZfGIOPJAEzHK[ MOPHK[ULzOPE]JAHKL[UH$GIJNUdPJATK[GI¨[TYVﬃTYGI[U{ J=X[ MﬀZfGIOPJAETZ=ELz[UdPOP{ROPEﬀZfGI[GI¨[ªL[UoA[UE[UHIZ=N3V]OPE
GI¨[TKJAdPM2GIOPJAEwOPTMTKMﬀZ=dPdBVSL[

E[UL]TYGsZ=HYGIOPEoyXHKJA{ {ROPNUHKJATKNUJAOPNNUJAETKOPL[UHIZfGIOPJAETZ=t JAM2GGI¨[ HKJﬃNU[UTKTK[UT
GsZOPEoSdeZ=NU[ZfGuGI¨[yL[3GIJAEﬀZfGIOPJAEz­yZ=dPdZ=EL:[ "[UN3GIOBgA[UdBV [ 2HK[UTKTK[UT GI¨[HIZfGI[ZfG­c¨OPNs¨:GI¨[yHK[hZ=N3GIOPJAE
GsZ=[UT¬deZ=NU[^ZfGGI¨[wXHKJAE/Gh@ [UNhZ=MTK[]J=XOBGIT{ROPNUHKJATKNUJAOPNSEﬀZfGIMHK[ﬂ!GI¨OPT[ MﬀZfGIOPJAE5NhZ=EvHK[UHK[UTK[UE/GSZ
KRK]LﬂNPORQŁORSUTVO?TPdjN_ ^ ORSD_jbeT3jQŁORSDQhigRN3^*O NVZ3Qcj jDXUjN3^D_beTPd d fgRQedTVOR_ Z3Q?ORN	Qc[_ D TPSDQcT3[!NPhU_ Ocz,|SD_bCSuSDN,wQeZ3Qegcz
beTP^SUTZ3Q!Tb]N3^Uj_[QegCTPXDd Q	Z3Qed Nb]_ O f2gRQedTVOR_ Z3QORNORSDQUD_[TVO|gRQcj Oc
 :B J-ﬃ '  'ﬁﬃ '+&.8&	     ,H&/ﬃ '+././ﬃ  ?.k




HKTYG]JAHKL[UHw¨ﬀZ=TK[ GIHIZ=ETKOBGIOPJAE@ §¨[:­yZhV GI¨OPTwHKJAtdP[U{¨ﬀZ=T^t [U[UE





EﬀZ=duNUJA{R{R[UE/G^TK¨JAMdPL t [:{(Z=L[ JAE TYGIHKJAEo5L[3nZ=oAHIZfGIOPJAET­c¨OPNs¨ !TKOP{ROPdeZ=HKdBV1GIJ­[hZ
L[3GIJAEﬀZfGIOPJAET"!2NhZ=EEJ=Gct [wHK[hZ=dPOU[ULOPE1HIZ=N3GIOPNU[wOPETKOBGI[SJ=XGI¨[SXZ=N3GGI¨ﬀZfGyGI¨[3V1TIZfGIOPTYX,V1NUJAETK[UHYg=Z  
GIOPJAE5deZh­cTU@ª§¨[UHK[zZ=HK[]Z EM{ t [UHcJ=X­yZhVﬃT¬J=XuHKJ.gﬃOPEo GI¨OPTNUdeZ=OP{ XJAHNs¨[U{ROPNhZ=d$NUJA{ tMTYGIOPJAE@ 
HKOPoAJAHKJAMT¬GIHK[hZfGI{R[UE/G^OPE ­c¨OPNs¨ GI¨[:NUJA{ tMTYGIOPJAE XHKJAE/G^OPTSL[UTKNUHKOPt [ULZ=T^Z1Ns¨ﬀZ=EoAOPEo{ROﬃGIMHK[ J=X
GI¨[wHK[hZ=N3GI[ULvZ=ELMEHK[hZ=N3GI[ULnﬀMOPLNhZ=E5TK¨J.­¦GI¨ﬀZfGTYGIHKJAEo:L[3nZ=oAHIZfGIOPJAET­JAMdPLOPENUdPML[SHK[UoAOPJAET
J=XE[Uo/ZfGIOBgA[[UE/GIHKJA/V HKJﬃLMN3GIOPJAE:Z=EL:Z=HK[GI¨[UHK[3XJAHK[yOP{R JATKTKOPtdP[1 xJAMHIZ=E/GZ=EL iﬀHKOP[ULHKOPNs¨T  m/ﬃﬀJ3 @
GI¨[UHHKJﬃJ=XT¬OPE/gAJAdBgA[]GI¨[zOPE/gA[UTYGIOPo/ZfGIOPJAEvJ=XuGI¨[zTYGsZ=tOPdPOBGFVHKJA [UHYGIOP[UT¬J=XªZRTYGIHKJAEo(L[3nZ=oAHIZfGIOPJAE
1TK[U[RE[ ﬃGzTKMtTK[UN3GIOPJAE 3^Z=ELTK¨J.­GI¨ﬀZfG]OBXZ5TYGIHKJAEovL[3nZ=oAHIZfGIOPJAE NUJAMdPL t [R{RJA{R[UE/GsZ=HKOPdBVvHKJ! 
LMNU[ULOBG ­JAMdPL1t [cGIJ=GsZ=dPdBV:METYGsZ=tdP[SZ=ELR­JAMdPL(GI¨[UE1TKdPOBGªOPE/GIJ Z]TKOP{ROPdeZ=HKOBGFVzHIZ=HK[3XZ=N3GIOPJAE ­yZhgA[
Z=ELﬂOPE/GIJvZ5­[hZ L[3nZ=oAHIZfGIOPJAE 1«Z=ELﬀZ=M
Z=ELﬂ«$OBXTK¨OBG<  kA}ﬁﬀC!«Z=OPE[  /ﬁﬀJ3 @ SENU[RGI¨[ROP{R JATKTKO  
tOPdPOBGFV(J=XTYGIHKJAEo L[3nZ=oAHIZfGIOPJAE5OPTcZ=TKTK[UTKTK[UL ! OBGOPTcZ=dPTKJ  JATKTKOPtdP[SGIJ [ 2NUdPML[w­[hZL[3GIJAEﬀZfGIOPJAETOPE
Ns¨[U{ROPNhZ=dNUJA{ tMTYGIOPJAEz­c¨[UE GI¨[deZfGKGI[UHZ=HK[NUJAETKOPL[UHK[UL Z=T[ MOBg=Z=dP[UE/G;GIJwZ¬TK¨JﬃN ]XHKJAE/G;XJAdPdPJ.­[UL
t/V5Z TYGIHKJAEo L[3nZ=oAHIZfGIOPJAE1 xJAMHIZ=E/GZ=ELviﬀHKOP[ULHKOPNs¨T  m/ﬁﬀ;Z=EL5TK[U[zZ=dPTKJ(WﬃMtTK[UN3GIOPJAE?A@`_ﬃ@B?/3 @






	^HK[hZ=N3GIOPJAE XHKJAE/G 1+'CB DBJ=XZ5XHKJAE/G]­c¨OPNs¨ﬂTIZfGIOPT

[UTzNUJAETK[UHYg=ZfGIOPJAEdeZh­cTzZ=ELﬂNhZ=E
t [ {RJA{R[UE/GsZ=HKOPdBVvHKJﬃLMNU[UL 3SOPTwGI¨ﬀZfG^J=X
68709ﬂ:<;ﬁ9ﬂ7=>ﬂ?A@CB D,F>HG"@JIK@JF 7
@RiﬀJAHSGI¨OPTwMHK JATK[ﬂ!;TYGsZ=tOPdPOBGFV
Z=EﬀZ=dBVﬃTK[UT^Z=HK[ NhZ=HKHKOP[UL JAM2GwTKJ5Z=TSGIJ[UTYGsZ=tdPOPTK¨ ­c¨[3GI¨[UH"!$JAENU[ GI¨[ XHKJAE/GwOPTSHKJﬃLMNU[UL !GI¨OPTSNhZ=E
[3gAJAdBgA[OPE
GIOP{R[R­cOBGI¨JAM2G:HIZ=LOPNhZ=dPdBVNs¨ﬀZ=EoAOPEo OBGIT HKJA [UHYGIOP[UTU@
WGsZ=tOPdPOBGFVﬂZ=EﬀZ=dBVﬃTK[UT:J=X¬HK[hZ=N3GIOPJAE
XHKJAE/GITSHK[UHK[UTK[UE/GzZ1deZ=HKoA[ Z=HK[hZ(J=XªHK[UTK[hZ=HKNs¨ t J=GI¨ XHKJA{|GI¨[ [ 2 [UHKOP{R[UE/GsZ=duZ=EL GI¨[ GI¨[UJAHK[3GIOPNhZ=d
 JAOPE/G J=X gﬃOP[3­ Z=EL(ZwEM{ t [UH J=XOP{R JAHYGsZ=E/GHK[UTKMdBGIT ¨ﬀZhgA[¬t [U[UE([UTYGsZ=tdPOPTK¨[ULR[UTK [UNUOeZ=dPdBVz­cOBGI¨OPERZ
dPOPE[hZ=HyHK[UoAOP{R[=@ªCFE5GI¨[]E[ ﬃGwWﬃMtTK[UN3GIOPJAET 1 ?A@ m2@`_8!$?A@ m2@ mH3ª­[]­cOPdPdLOPTKNUMTKT¬OPE5L[3GsZ=OPd$TKJA{R[^HK[UNU[UE/G
dPOPE[hZ=HuTYGsZ=tOPdPOBGFV Z=EﬀZ=dBVﬃTK[UT J=XHK[UdeZfGIOBgﬃOPTYGIOPNyL[3GIJAEﬀZfGIOPJAE:XHKJAE/GIT1ac[""UJAdPdeZ; ?h/mﬁﬀJ3Z=ELRJ=XHK[UdeZfGIOBgﬃOPTYGIOPN




Z=E Z=dPOPNhZfGIOPJAE GIJ GI¨[({RJ=GIOPJAEJ=X¬Z ¨ﬀZ=TK[1OPE/GI[UHYXZ=NU[(LMHKOPEo Z NUJATK{RJAdPJAoAOPNhZ=du¨ﬀZ=TK[
GIHIZ=ETKOBGIOPJAE5Z=EL5NUJA{R{R[UE/GITcJAEGI¨[UTK[zZ=dPOPNhZfGIOPJAET­cOPdPdt [^{(Z=L[wJ=X,GI[UEvLMHKOPEo GI¨[^LOPTKNUMTKTKOPJAE@
K#&eLﬂNPORQORSUTVOkORSDQcjQjDXUjQcbMOR_ N3^UjkTPgRQSDQcTZ1_ d fWORQcbCSD^D_beTPd|TP^U[ z?_ hORSDQgRQcT3[QegkjN ,|_jSDQcjez?ORSDQefbeTP^XYQjRTVhiQed f
jD41_
D
Qc[,|_ ORSDN3Ob]gRQcTVOR_ ^ﬁ)[_ 2b]Dd OR_ Qcj5hiN3g|gRQcT3[_ ^ﬁ)kORSDQ!gRQcj O|NPh ORSDQ5SDQcj_je
_=}  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 


















{ROPoA¨/G­[UdPdL[3gA[UdPJA OPETYGsZ=tOPdPOBGIOP[UTyJ.gA[UHZRdPJAEo [UEJAMoA¨vGIOP{R[wTKNhZ=dP[=@yCFEvJAHKL[UHcGIJ gA[UHKOBX,VGI¨ﬀZfGSZ=E
[3gAJAdPM2GIOPJAEﬀZ=HYVXHKJAE/G;OPTZ=dPTKJc¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=dPdBVTYGsZ=tdP[ ZcHKOPoAJAHKJAMTTYGsZ=tOPdPOBGFVSZ=EﬀZ=dBVﬃTKOPT$OPT$E[UNU[UTKTIZ=HYVA@
CGuOPTOP{R JAHYGsZ=E/GGIJTYGIHK[UTKTuGI¨ﬀZfG;GI¨[yMdBGIOP{(ZfGI[JAETK[3GJ=XGI¨[yOPETYGsZ=tOPdPOBGIOP[UTNhZ=EEJ=Gut [XMdPdBV^Z=TKTK[UTKTK[UL
­cOBGI¨OPE ZRdPOPE[hZ=H¬Z=EﬀZ=dBVﬃTKOPT"!TKOPENU[zOBG{ROPoA¨/GZ=dPTKJRt []GI¨ﬀZfG¬GI¨[zOPETYGsZ=tOPdPOBGFV1{RJﬃL[UT JATKTKOPtdBV1XJAMEL
NUJAMdPL(t [NUJAE/GIHKJAdPdP[ULRt/V(OPE/GI[UHYgA[UEOPEozEJAEdPOPE[hZ=H [ "[UN3GIT­c¨OPNs¨(­JAMdPL1dPOP{ROBGuGI¨[[UE[UHKo=V GIHIZ=ETYX[UH
OPE/GIJ5GI¨[RMETYGsZ=tdP[R{RJﬃL[UT]Z=ELﬂNUJAME/GI[UHIZ=N3GzGI¨[UOPH^oAHKJ.­GI¨@¬J.­[3gA[UH"!OPE GI¨[RNhZ=TK[(J=XyHK[hZ=N3GIOPJAE
XHKJAE/GIT"!Z]E[UNU[UTKTIZ=HYVZ=EL1TKM RNUOP[UE/GNUJAELOBGIOPJAERXJAH GI¨[¬g=Z=dPOPLOBGFV:J=XGI¨[SZ=t J.gA[wZ=HKoAM{R[UE/GITOPT GI¨ﬀZfG































§¨[L[UoAHK[U[J=XMEL[UHKL[3GI[UHK{ROPEﬀZ=N3V]J=XﬀZ¬LOPTKNUJAE/GIOPEMOBGFV^TKMHYXZ=NU[ 1DB ŁB[UOBGI¨[UH;Z¬TK¨JﬃN ^JAHZcHK[hZ=N3GIOPJAE
XHKJAE/G3^NhZ=E
t [([hZ=TKOPdBV NhZ=dPNUMdeZfGI[ULﬂt/VﬂNUJAME/GIOPEo GI¨[(EM{ t [UH J=XyXHK[U[1ﬀZ=HIZ={R[3GI[UHKT]­c¨OPNs¨
NUJAMdPL
t [wZ=TKTKJﬃNUOeZfGI[UL(­cOBGI¨5ZzTK{(Z=dPd [UHYGIMHKtﬀZfGIOPJAE1J=X$GI¨[XHKJAE/GM1«Z=ELﬀZ=M5Z=EL«$OBXTK¨OBG< kA}ﬁﬀC!iﬀHKOP[ULHKOPNs¨T
 ŁﬁﬀJ3 @§¨[UTK[¬Z=HK[yL[3GI[UHK{ROPE[UL:t/VzGI¨[yLO#"[UHK[UENU[t [3GF­[U[UE GI¨[yEM{ t [UHuJ=X ME EJ.­cERﬀZ=HIZ={R[3GI[UHKT
1,­c¨OPNs¨ OPE oA[UE[UHIZ=dZ=HK[ oAOBgA[UE t/V GI¨[:EM{ t [UHSJ=XªTKJAEOPN  [UHYGIMHKtﬀZfGIOPJAETGI¨ﬀZfGwNhZ=E t [zGIHIZ=ETK{ROBG 
GI[ULvXHKJA{ GI¨[^XHKJAE/Gﬁ!ﬀt/VGI¨[][UE/GIHKJA/Vv [UHYGIMHKtﬀZfGIOPJAE5HKJAﬀZ=o/ZfGI[ULvOPE5GI¨[]LJ.­cETYGIHK[hZ={|HK[UoAOPJAE5J=X
GI¨[:nﬀJ.­Z=EL t/V GI¨[ TKMHYXZ=NU[:LOPTKdeZ=NU[U{R[UE/G3SZ=EL GI¨[:EM{ t [UH^J=Xªt JAMELﬀZ=HYV NUJAELOBGIOPJAETGI¨ﬀZfG
GI¨[w [UHYGIMHKtﬀZfGIOPJAE¨ﬀZ=TGIJ:TIZfGIOPTYX,V 1,­c¨OPNs¨5OPEoA[UE[UHIZ=d$Z=HK[woAOBgA[UE5t/V1GI¨[wNUJAETK[UHYg=ZfGIOPJAE5J=X;tﬀZ=HYVAJAE
EM{ t [UH"![UE[UHKo=V Z=EL {RJA{R[UE/GIM{ 3 @  ¨OPdP[:Z1LOPTKNUJAE/GIOPEMOBGFV ­cOBGI¨Z U[UHKJ5L[UoAHK[U[ J=XMEL[UHKL[  










oAMHIZfGIOPJAE1TK[U[ WﬃMtTK[UN3GIOPJAE?A@ m2@ mH3 @
 :B J-ﬃ '  'ﬁﬃ '+&.8&	     ,H&/ﬃ '+././ﬃ  _ﬃ?
WﬃOPENU[yZ=dPdJ=XGI¨[yHK[hZ=N3GIOPJAE]XHKJAE/GITHK[UTK[UE/GI[UL TKJSXZ=H;TIZfGIOPTYX,V^GI¨[TIZ={R[t JAMELﬀZ=HYV]NUJAELOBGIOPJAET"!
GI¨[UOPH¬LO#"[UHK[UE/GSL[UoAHK[U[zJ=XMEL[UHKL[3GI[UHK{ROPEﬀZ=N3VvOPTcGI¨[UE TKOP{RdBVLM[]GIJRGI¨[zLO#"[UHK[UE/GSEM{ t [UHJ=X
 [UHYGIMHKtﬀZfGIOPJAETzGI¨ﬀZfG:NhZ=E t [(GIHIZ=ETK{ROBGKGI[ULﬂXHKJA{jGI¨[1XHKJAE/Gh@ CFE JAHKL[UHzGIJ NhZ=dPNUMdeZfGI[RGI¨OPT EM{  




1ac[""UJAdPdeZ ?h/mﬁﬀJ3!u­c¨OPdP[RGI¨[1J=GI¨[UH HK[ MOPHK[UT GI¨[1NhZ=dPNUMdeZfGIOPJAEGI¨[1J=X
GI¨[¬LO#"[UHK[UENU[t [3GF­[U[UE(GI¨[dPJﬃNhZ=d2nﬀMOPLRgA[UdPJﬃNUOBGFV Z=ELRGI¨[¬ [UHYGIMHKtﬀZfGIOPJAE gA[UdPJﬃNUOBGFVRZ=TªTK[U[UE1OPE GI¨[





























«$OBXTK¨OBG< kA}ﬁﬀC!ﬀWﬃ[UOPt [UHYG  ?ﬃ?*ﬀ ﬀ @ªWﬃOPENU[GI¨[w [UHYGIMHKtﬀZfGIOPJAET{ MTYGHKJAﬀZ=o/ZfGI[SZh­yZhV1XHKJA{ GI¨[XHKJAE/Gﬁ!














HK[UTYG XHIZ={R[ 3!A­cOBGI¨:GIOP{R[yJAE:GI¨[gA[UHYGIOPNhZ=dZ2OPT Z=EL GI¨[cTKﬀZ=NU[cNUJﬃJAHKLOPEﬀZfGI[JAE:GI¨[c¨JAHKOUJAE/GsZ=dJAE[=@





Z=HK[wGI¨[wXJAHY­yZ=HKL1 .M3yZ=EL5GI¨[^tﬀZ=N /­yZ=HKL 1+* 3yNs¨ﬀZ=HIZ=N3GI[UHKOPTYGIOPNUTcJ=X;GI¨[
HK[UoAOPJAETZ=¨[hZ=L1J=XGI¨[¬XHKJAE/GM1 
ﬃ
?/3 Z=EL1t [U¨OPEL1OBG 1 
ﬃ
_03 ﬀC!GI¨[LJ=GKGI[UL1dPOPE[cTK¨J.­cTGI¨[STKJAMEL
TK [U[UL OPE5GI¨[^XHIZ={R[wJ=XGI¨[wXHKJAE/GZ=ELvGI¨[]LﬀZ=TK¨[UL dPOPE[wHK[UHK[UTK[UE/GITGI¨[w­JAHKdPLdPOPE[wJ=XGI¨[wXHKJAE/Gh@
§¨[¬Ns¨ﬀZ=HIZ=N3GI[UHKOPTYGIOPNNUMHYgA[UTyZ=HK[cLHIZh­cERTKJ^GIJ]HK[hZ=Ns¨RGI¨[XHKJAE/G ­c¨[UE GI¨[cnﬀMOPL [UdP[U{R[UE/GªNUHKJATKTK[UTªOBG
Z=ELzGIJwL[UﬀZ=HYGXHKJA{ GI¨[ªXHKJAE/G ZfGGI¨[yTIZ={R[OPETYGsZ=E/G/EJ=GI[ªGI¨ﬀZfGuXJAHTKOP{RdPOPNUOBGFV­[¨ﬀZhgA[cZ=TKTKM{R[UL
GI¨[^TKJAMELvTK [U[ULT¬GIJ t [wGI¨[^TIZ={R[wJAE5t J=GI¨vTKOPL[UTcJ=X;GI¨[wXHKJAE/Gh@
QS[3nZ=oAHIZfGIOPJAET^Z=HK[ HK[UHK[UTK[UE/GI[UL
OPE GI¨[ dP[3X,G^NUJAdPM{RE !$L[3GIJAEﬀZfGIOPJAET^OPE GI¨[RHKOPoA¨/G^JAE[RZ=EL
GI¨[yLO#"[UHK[UE/G LOeZ=oAHIZ={RT;HK[3X[UHuHK[UTK [UN3GIOBgA[UdBVzGIJw&=­[hZzL[3nZ=oAHIZfGIOPJAE !=S x¨ﬀZ={(Z=E+ %=JAMoAM[3G
L[3nZ=oAHIZfGIOPJAE !ﬀ¬x  TYGIHKJAEo(L[3nZ=oAHIZfGIOPJAE ! xx ­[hZ5L[3GIJAEﬀZfGIOPJAE ! xy x¨ﬀZ={(Z=E+ %=JAMoAM[3G¬L[3G 
JAEﬀZfGIOPJAEvZ=EL x&TYGIHKJAEo(L[3GIJAEﬀZfGIOPJAE@1§¨[zdP[3GKGI[UHKTc !!x![ 2HK[UTKT¬GI¨[^XZ=N3GcGI¨ﬀZfGcGI¨[^nﬀMOPL
[UdP[U{R[UE/GªNhZ=ER{RJ.gA[ﬂ!HK[UdeZfGIOBgA[GIJwGI¨[cXHKJAE/Gﬁ!ﬃZfGZwTK [U[UL1TK{(Z=dPdP[UH"!A[ MﬀZ=dﬀJAH deZ=HKoA[UHuGI¨ﬀZ=E GI¨[¬TKJAMEL
TK [U[UL !­cOBGI¨¢GI¨[

HKTYG1dP[3GKGI[UH(HK[3X[UHKHKOPEoGIJﬂGI¨[ {R[ULOPM{ Z=¨[hZ=LlZ=EL¢GI¨[ TK[UNUJAELlJAE[vGIJﬂGI¨[
{R[ULOPM{ t [U¨OPEL@ 3
 OBGI¨ GI¨OPTSHK[UHK[UTK[UE/GsZfGIOPJAE !$GI¨[ LOeZ=oAHIZ={RTOPE iOPoAMHK[?A@ 1TK¨J.­9GI¨ﬀZfGw­c¨[UE GI¨[ {R[ULOPM{
Z=¨[hZ=L J=XzZ
HK[hZ=N3GIOPJAE<XHKJAE/GOPT1TKMtTKJAEOPN 1DB ŁByZ=TOPE<GI¨[ LOeZ=oAHIZ={RTR !yS|Z=EL ¬x 3!GI¨[







Q;gRQcbeTPd dORSUTVOORSDQ;bCSUTPgCT3bMORQegR_j OR_b b]DgRZ3QcjbeTP^ XYQ _ ^*ORQeg






QegORDgRXUTVOR_ N3^Uj|TPgRQ	ORgCTP^Uj_ OORQc[ zYT3j ,wQed d T3j5ORSDQ!UD_[UN,|d _ ^DQcj yT3[Z3QcbMOR_ Z3Q!bCSUTPgCT3bMORQegR_j OR_bejCM ~O_j
ORSDQe^

N*jRj_ XDd QORN [Q]\U^DQORSDQ;2gRQ)3_ N3^WNPhﬂ[Q]ORQegR_ ^UT3b]fﬃ7NPh|TP^;QeZ3Qe^*O T3j	ORSDQ2gRQ)3_ N3^ NPh|j

T3b]Q]OR_ Q(_ ^Ub]d U[Qc[
XYQ]O#,wQeQe^uORSDQ|bCSUTPgCT3bMORQegR_j OR_bb]DgRZ3Qcj b]N3^1Z3QegA)3_ ^ﬁ)ﬂORN	ORSDQ

N3_ ^*O yjQeQ|TPdjN!1DXUjQcbMOR_ N3^   ﬂhiN3gŁTN3gRQwQ]1ORQe^U[Qc[
[_jRb]UjRj_ N3^YM
_A_  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 
1 2
1 2













































































































Zw{ M2GIMﬀZ=dﬀNhZ=MTIZ=dﬀNUJAEE[UN3GIOPJAERt [3GF­[U[UE(GI¨[XHKJAE/GZ=EL GI¨[c{R[ULOPM{Z=¨[hZ=L










OPT^TKM [UHKTKJAEOPN 1DB ŁBZ=T]OPE GI¨[RLOeZ=oAHIZ={RT]xx!uxyZ=EL x 3wOPE ­c¨OPNs¨ﬂNhZ=TK[RGI¨[ XHKJAE/GzNhZ=EEJ=G






WﬃOP{ROPdeZ=HKdBV0!XHKJA{ iOPoAMHK[^?A@ ^OBG OPT  JATKTKOPtdP[GIJ]L[ULMNU[¬GI¨[¬NhZ=MTIZ=dNUJAEE[UN3GIOPJAERt [3GF­[U[UE1GI¨[




HK[hZ=Ns¨OPEo5GI¨[ XHKJAE/G^XHKJA{ HK[UoAOPJAEﬂ_ﬃ@(CGzOPT^[3gﬃOPL[UE/G]GI¨ﬀZfG^GI¨OPT^NhZ=EﬂJﬃNUNUMH]JAEdBV OBXªGI¨[
LJ.­cETYGIHK[hZ={ nﬀJ.­ OPTTKMtTKJAEOPNM1Z=TOPE LOeZ=oAHIZ={RT;<Z=ELRx 3;JAHTKJAEOPN 1Z=TOPE LOeZ=oAHIZ={RT;S
Z=EL
xy 3$GI¨OPT^deZfGKGI[UHwNhZ=TK[RHK[UHK[UTK[UE/GIT:Z5dPOP{ROBGIOPEo(TKOBGIMﬀZfGIOPJAE !­cOBGI¨ GI¨[R{ M2GIMﬀZ=dNhZ=MTIZ=d NUJAEE[UN3GIOPJAE




GI¨[5XHKJAE/Gh@¢§¨[5XHKJAE/G(¨ﬀZ=TREJ{ M2GIMﬀZ=dNhZ=MTIZ=dcNUJAEE[UN3GIOPJAE ­cOBGI¨8GI¨[v{R[ULOPM{ t [U¨OPEL8­c¨[UE







Z=HK[ t J=GI¨ OPE GI¨[:LOPHK[UN3GIOPJAE J=X GI¨[:nﬀJ.­^@:§¨OPTwLO#"[UHK[UENU[ OPT
Z XMELﬀZ={R[UE/GsZ=dJAE[ﬂ![UTYGsZ=tdPOPTK¨OPEo GI¨ﬀZfG GI¨[UHK[vOPTRZ { M2GIMﬀZ=dyNhZ=MTIZ=dcNUJAEE[UN3GIOPJAE¢t [3GF­[U[UE¢GI¨[
XHKJAE/GRZ=EL GI¨[5{R[ULOPM{ t [U¨OPEL8JAEdBVﬂ­c¨[UE8GI¨[1nﬀJ.­JAM2G J=XOBG:OPT TKMtTKJAEOPN5JAH:TKJAEOPN=@
TRZ
NUJAETK[ M[UENU[ﬂ!XJAHTKMtTKJAEOPN Z=EL TKJAEOPNzLJ.­cETYGIHK[hZ={nﬀJ.­cT"!GI¨[ {R[ULOPM{|t [U¨OPEL
B<>ﬂ=
HK[UTK JAEL
GIJ Z=E/Vﬂ [UHYGIMHKtﬀZfGIOPJAEﬂHKJﬃLMNU[UL t/VGI¨[RXHKJAE/G:Z=EL !ZfG dP[hZ=TYG OPEﬂHKOPENUOPdP[ﬂ!;OBGzNhZ=E
NUJAME/GI[UHIZ=N3G
GI¨[ oAHKJ.­GI¨ J=XwGI¨[  J=GI[UE/GIOeZ=dOPETYGsZ=tOPdPOBGIOP[UTU@¦§¨OPT1tﬀZ=N HK[hZ=N3GIOPJAE NUJAMdPL¢GI¨[UE¦Z= [hZ=H1OPE¢GI¨[
GI¨JATK[]EJAEdPOPE[hZ=Hc[ "[UN3GIT¬GI¨ﬀZfG¬GI[UEL GIJRTIZfGIMHIZfGI[^GI¨[zJATKNUOPdPdeZfGIOPJAET­c¨OPNs¨v­JAMdPL t []HK[UTK[UE/GwtM2G
­JAMdPLEJ=GoAHKJ.­ MEt JAMEL[ULdBVA@ §¨OPTy{ROPoA¨/Gyt [^ZfGyGI¨[wJAHKOPoAOPE(J=XGI¨[SXJAHK{(ZfGIOPJAERJ=XGI¨[SGFVﬃOPNhZ=d
NUJAHKHKMo/ZfGI[UL tM2G TYGsZ=tdP[ NU[UdPdPMdeZ=H1nZ={R[UTvJAtTK[UHYgA[UL OPE¦deZ=t JAHIZfGIJAHYV<[ 2 [UHKOP{R[UE/GIT 1  Z=H=[UTYGI[UOPE
 ?.}/ŁﬃﬀC!MN {(Z=TYGI[UHZ=ELv«$ML2XJAHKL _=qﬀJ3!2­c¨OPNs¨ Z=HK[^HKJﬃLMNU[ULvt/V­[hZL[3nZ=oAHIZfGIOPJAETU@
§¨OPT^TYGsZ=tOPdPOUOPEo1{R[UNs¨ﬀZ=EOPTK{
B<>ﬂ==*;F
JA [UHIZfGI[ OPE ­[hZ L[3GIJAEﬀZfGIOPJAET"!TKOPENU[ROPE GI¨OPTwNhZ=TK[
GI¨[UHK[ OPT(EJ
{ M2GIMﬀZ=d¬OPE/GI[UHIZ=N3GIOPJAE¢t [3GF­[U[UE GI¨[vXHKJAE/G5Z=EL¢GI¨[ {R[ULOeZ[UOBGI¨[UH1Z=¨[hZ=LlJ=XwOBG1JAH
t [U¨OPEL1OBGh@ ﬂ[SHK[U{(Z=H:GI¨ﬀZfGªGI¨OPTyZ=HKoAM{R[UE/GyOPTªTKOP{RdBV tﬀZ=TK[ULJAE(GI¨[NhZ=MTIZ=dTYGIHKMN3GIMHK[SJ=X$­[hZ
L[3GIJAEﬀZfGIOPJAETZ=EL5OPTGI¨[UHK[3XJAHK[wOPEL[U [UEL[UE/GcJ=XGI¨[wJAHKL[UHcZfGy­c¨OPNs¨vZ  [UHYGIMHKtﬀZfGIOPJAE5Z=EﬀZ=dBVﬃTKOPTyOPT
 [UHYXJAHK{R[UL@;CFE^GI¨[ NUJAE/GI[ ﬃGJ=X2NhZ=MTIZ=d/NUJAEE[UN3GIOPJAE !Ax¨ﬀZ={(Z=E+ %=JAMoAM[3G;L[3GIJAEﬀZfGIOPJAET$HK[UHK[UTK[UE/GZ
dPOP{ROBGIOPEoyNhZ=TK[ytM2GuLJEJ=GuTKM "[UH;XHKJA{ GI¨[NhZ=MTIZ=dPOBGFV^HKJAtdP[U{RT;LOPTKNUMTKTK[UL XJAH;­[hZ]L[3GIJAEﬀZfGIOPJAETU@
TzTK¨J.­cE OPE GI¨[(LOeZ=oAHIZ={jxy9J=XciOPoAMHK[Rm OPE XZ=N3Gﬁ!;GI¨[RXHKJAE/GzOPT 4KMTYG {(Z=HKoAOPEﬀZ=dPdBV { M2GIMﬀZ=dPdBV
NUJAEE[UN3GI[UL ­cOBGI¨¦GI¨[{R[ULOPM{t [U¨OPEL OBGvZ=EL¦GI¨OPTvNUJAMdPL GI¨[UE HKJ.gﬃOPL[ GI¨[tﬀZ=N   FHK[hZ=N3GIOPJAE
HK[ MOPHK[UL5XJAHTIZfGIMHIZfGIOPEo:GI¨[^ J=GI[UE/GIOeZ=d [UHYGIMHKtﬀZfGIOPJAETcHKJﬃLMNU[UL ZfGXHKJAE/Gh@
iOPEﬀZ=dPdBV0!/GI¨[^L[UoAHK[U[wJ=XMEL[UHKL[3GI[UHK{ROPEﬀZ=N3V(XJAHGI¨[wg=Z=HKOPJAMTyHK[hZ=N3GIOPJAE1XHKJAE/GITNhZ=E5t [wTKM{  
{(Z=HKOU[UL(Z=TªOPER§Z=tdP[cCKC!/­c¨OPNs¨(TK¨J.­cTGI¨ﬀZfG ­c¨OPdP[cTYGIHKJAEo Z=ELx¨ﬀZ={(Z=E+ %=JAMoAM[3GL[3GIJAEﬀZfGIOPJAET
Z=HK[^dPOPE[hZ=HKdBV(TYGsZ=tdP[ﬂ!Z=dPdGI¨[^J=GI¨[UHcGFVﬃ [UT¬J=XuHK[hZ=N3GIOPJAEXHKJAE/GITcNUJAMdPLvt [^METYGsZ=tdP[=@  ¨OPdP[wTYGIHKJAEo
L[3nZ=oAHIZfGIOPJAET^Z=HK[ Z=TKTKM{R[UL GIJ5t [ OP{R JATKTKOPtdP[zt [UNhZ=MTK[ J=XE[Uo/ZfGIOBgA[ [UE/GIHKJA/V HKJﬃLMN3GIOPJAE 1TK[U[
_f  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 
WﬃMtTK[UN3GIOPJAE ?A@`_ﬃ@`_03!u§Z=tdP[1CKC^TK¨J.­cT GI¨ﬀZfG GI¨[1TYGsZ=tOPdPOBGFV J=XSx¨ﬀZ={(Z=E+ %=JAMoAM[3G L[3nZ=oAHIZfGIOPJAET"!
­[hZﬂL[3nZ=oAHIZfGIOPJAET Z=EL

















}  * m
ﬃ
_
 TPXDd Q  5SDQ([Q)3gRQeQuNPhwD^U[QegC[Q]ORQegR_ ^UT3b]fhiN3g	ORSDQ([_ a:QegRQe^*OO f

QcjNPhwgRQcT3bMOR_ N3^

















§¨[^TYGsZ=tOPdPOBGFV(J=XNUdeZ=TKTKOPNhZ=dL[3GIJAEﬀZfGIOPJAEXHKJAE/GIT¨ﬀZ=Tct [U[UEvTYGIMLOP[UL1MOBGI[w[ ﬃGI[UETKOBgA[UdBV5OPE1GI¨[^JAE[  
LOP{R[UETKOPJAEﬀZ=dZ=ELdPOPE[hZ=HSHK[UoAOP{R[L1«$[U[RZ=EL
WGI[3­yZ=HYG kAqﬀJ3wZ=ELﬂZfGKGI[U{R2GIT]Z=HK[ NUMHKHK[UE/GIdBV t [UOPEo
{(Z=L[^GIJR[ ﬃGI[UEL GI¨OPTZ=EﬀZ=dBVﬃTKOPT­cOBGI¨OPE Z:­[hZdBVvEJAEdPOPE[hZ=HyGI¨[UJAHYV 1TK[U[ acJ.VGItMHKL
 ?h/kﬀXJAH¬Z
dPOPTYG]J=XHK[3X[UHK[UENU[UT3 @v {RJAHK[ HK[UNU[UE/G:OPE/gA[UTYGIOPo/ZfGIOPJAEJ=XyGI¨[RTYGsZ=tOPdPOBGFV HKJA [UHYGIOP[UT]J=XHK[UdeZfGIOBgﬃOPTYGIOPN




L[3GIJAEﬀZfGIOPJAE¢XHKJAE/Gﬁ!cOBG1OPT1EJ=G JATKTKOPtdP[vGIJ [ 2NUdPML[ GI¨[U{pOPE¢GI¨[











J=X GI¨[XHKJAE/GªZ=EL GI¨ﬀZfGx¨ﬀZ={(Z=E+ %=JAMoAM[3G L[3GIJAEﬀZfGIOPJAET Z=HK[c[3gAJAdPM2GIOPJAEﬀZ=HYV:Z=EL MENUJAELOBGIOPJAEﬀZ=dPdBV
 :B J-ﬃ '  'ﬁﬃ '+&.8&	     ,H&/ﬃ '+././ﬃ  _A
dPOPE[hZ=HKdBV(TYGsZ=tdP[=@ §¨OPTcOPTOPE Z=oAHK[U[U{R[UE/Gc­cOBGI¨­c¨ﬀZfG¬[ 2 [UN3GI[UL XHKJA{ GI¨[^TYGIML2V5J=XGI¨[^L[UoAHK[U[]J=X
MEL[UHKL[3GI[UHK{ROPEﬀZ=N3VJ=X;GI¨[UTK[^XHKJAE/GIT¬Z=ELvLOPTKNUMTKTK[UL OPEGI¨[^HK[3gﬃOPJAMTcTKMtTK[UN3GIOPJAE@
§¨[^XJAdPdPJ.­cOPEo:Z=EﬀZ=dBVﬃTKOPTOPTHIZfGI¨[UHc[UdeZ=t JAHIZfGI[wZ=ELvHK[UTK[U{ tdP[UTcOPE5ﬀZ=HYGITGI¨[^JAE[^NUJAE/GsZ=OPE[UL
OPE<ZﬀZ= [UH(t/V¢ac[""UJAdPdeZ ?h/mﬀ @ ﬂ[

HKTYG1HK[UTK[UE/G1GI¨[ oA[UE[UHIZ=d¬ [UHYGIMHKt [ULl¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d
[ MﬀZfGIOPJAETL[ULMNU[UL XHKJA{GI¨[zTYGsZ=ELﬀZ=HKL dPOPE[hZ=HcTYGsZ=tOPdPOBGFV5Z=EﬀZ=dBVﬃTKOPT¬J=XTK [UNUOeZ=d;HK[UdeZfGIOBgﬃOPTYGIOPNSnﬀJ.­cT
Z=EL GI¨[UE8[ Z={ROPE[1GI¨[TYGsZ=tOPdPOBGFVJ=X¬oA[UE[UHKOPNLOPTKNUJAE/GIOPEMOBGFVﬂXHKJAE/GIT ­cOBGI¨8HK[UTK [UN3G GIJ NUJAHKHKMo/Z  





Z=EL ­cOPdPdt [c¨[UHK[Z=dPOP[UL:GIJ x¨ﬀZ={(Z=E+ %=JAMoAM[3GZ=ELRTYGIHKJAEozL[3GIJAEﬀZfGIOPJAETu­c¨JATK[dPOPE[hZ=HuTYGsZ=tOPd  
OBGFVzHKJA [UHYGIOP[UT­cOPdPdﬃt [yGI¨[UE [UTYGsZ=tdPOPTK¨[UL@¬J.­[3gA[UH"!ﬃ{ROPEJAH;tM2G OP{R JAHYGsZ=E/Gu{RJﬃLO

NhZfGIOPJAETZ=dPdPJ.­
GIJ OP{RdP[U{R[UE/GGI¨[wTIZ={R[wTYGsZ=tOPdPOBGFV1Z=EﬀZ=dBVﬃTKOPTGIJRZ=E/V1GFVﬃ [^HK[hZ=N3GIOPJAE5Z=EL5OPEGI¨[wE[ ﬃG¬TKMtTK[UN3GIOPJAE
­[^TK¨ﬀZ=dPdZ=dPTKJ:LOPTKNUMTKTcGI¨[^NhZ=TK[]J=XL[3nZ=oAHIZfGIOPJAETU@





,/" ,%$H3t [UOPEoRGI¨[]OPE[UHYGIOeZ=dNhZ=HYGI[UTKOeZ=E NUJﬃJAHKLOPEﬀZfGI[UT¬Z=ELv­c¨OPNs¨ OPTcGsZ=[UE GIJRt [zZfGHK[UTYG
JAE GI¨[ 1#" ,%$H3wdeZ=E[:TKJ5GI¨ﬀZfGwGI¨[UHK[(Z=HK[ EJGI¨HK[U[  gA[UdPJﬃNUOBGFV NUJA{R JAE[UE/GIT^GsZ=EoA[UE/G^GIJGI¨[:XHKJAE/G
1TK[U[ iOPoAMHK[1?A@B?/3 @]NUHKJATKTwGI¨OPTSTKMHYXZ=NU[ GI¨[ nﬀMOPL MEL[UHKoAJﬃ[UT]Z(GIHIZ=ETYXJAHK{(ZfGIOPJAEv­c¨OPNs¨ NhZ=E t [
[UOBGI¨[UH]ZNs¨[U{ROPNhZ=dHK[hZ=N3GIOPJAE 1Z=T^OPE GI¨[RNhZ=TK[RJ=XNUJA{ tMTYGIOPJAE 3JAH]Z5¨ﬀZ=TK[:GIHIZ=ETYXJAHK{(ZfGIOPJAE 1Z=T





 [UHYX[UN3GznﬀMOPL 1 ?A@B?/3 @5§¨[1¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d [ MﬀZfGIOPJAETzNhZ=EﬂGI¨[UE
t [([hZ=TKOPdBV L[UHKOBgA[UL
XHKJA{GI¨[
HKJ/4K[UN3GIOPJAE J=X GI¨[XJAMH  FLOBgA[UHKoA[UENU[cJ=X GI¨[TYGIHK[UTKTª[UE[UHKo=V:GI[UETKJAHªZ=dPJAEoSGI¨[LOPHK[UN3GIOPJAE L[

E[ULRt/V





























































}, 1 ?A@ mAqH3
Z=EL
_=q  :B J-ﬃ '  'ﬁﬃ '+&.8&






















}, 1 ?A@ m/Ł03
MﬀZfGIOPJAET1 ?A@ mAqH3uZ=EL 1 ?A@ m/Ł03HK[UHK[UTK[UE/GGI¨[cMTKMﬀZ=d  U[UHKJ=GI¨RJAHKL[UH
]¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d[ MﬀZfGIOPJAET
Z=EL L[UTKNUHKOPt [GI¨[{RJ=GIOPJAE J=X nﬀMOPL [UdP[U{R[UE/GITJAE [UOBGI¨[UHTKOPL[J=XGI¨[cL[3GIJAEﬀZfGIOPJAE XHKJAE/Gh@iﬀJAdPdPJ.­cOPEo
TYGsZ=ELﬀZ=HKL5dPOPE[hZ=Hª [UHYGIMHKtﬀZfGIOPJAEZ=EﬀZ=dBVﬃTKOPT"!ﬃ­[wEJ.­¦OPE/GIHKJﬃLMNU[wZ TK{(Z=dPd  [UHYGIMHKtﬀZfGIOPJAE1OPE(GI¨[SHK[UdP[  
g=Z=E/G¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=dﬀg=Z=HKOeZ=tdP[UT TKJzGI¨ﬀZfGﬁ!ﬃZfG





































Z=EL 1,GI¨[znﬀJ.­ OPT¬GsZ=[UE GIJ1t [zMEOBXJAHK{ Z=EL ME [UHYGIMHKt [UL Z=dPJAEoRGI¨[



















































































































}, 1 ?A@ /mH3



























































, 1 ?A@ 03




















































































































, 1 ?A@ /kH3




























































_=  :B J-ﬃ '  'ﬁﬃ '+&.8&




































































































[ MﬀZ=duGIJGI¨[:dPJﬃNhZ=dTKJAMELTK [U[UL@ §¨[ HK[UTK[UENU[RJ=XyZTKOPEoAMdeZ=HKOBGFV ZfG
GI¨[TKJAEOPNcgA[UdPJﬃNUOBGFV HK[UHK[UTK[UE/GITyGI¨[ 
A¨[UHKOBGsZ=oA[ 
]J=XGI¨[¨/Vﬃ [UHKt JAdPOPNXJAHK{ J=XGI¨[¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d
[ MﬀZfGIOPJAET5Z=EL OPTZ oA[UE[UHIZ=dX[hZfGIMHK[ J=X^GI¨[ dPOPE[hZ=H(TYGsZ=tOPdPOBGFV¢Z=EﬀZ=dBVﬃTKOPT1J=X]TK¨JﬃN ¢­yZhgA[UT Z=EL
HK[hZ=N3GIOPJAE:XHKJAE/GIT1EOPdP[  ?_ﬃﬀC!ﬃ«Z=ELﬀZ=MRZ=ELR«$OBXTK¨OBG<  kA}ﬀJ3 @ ¬[3gA[UHYGI¨[UdP[UTKT"!2ﬀZ=HYGIOPNUMdeZ=HNhZ=HK[cTK¨JAMdPL







































	¬TKOPEo]GI¨[[UOPoA[UE/g=Z=dPM[ 1 ?A@`A03OPE GI¨[LJ.­cETYGIHK[hZ={ HK[UoAOPJAE(J=XGI¨[¬nﬀJ.­ TKJAdBgA[UTªGI¨[HKJAtdP[U{
J=X$GI¨[TKOPEoAMdeZ=HKOBGFVRZfGªGI¨[STKJAEOPN¬gA[UdPJﬃNUOBGFV0!ﬃtM2GyE[UNU[UTKTIZ=HKOPdBV(HK[UTYGIHKOPN3GITGI¨[SZ=EﬀZ=dBVﬃTKOPTªGIJ:x¨ﬀZ={(Z=E+ 
%=JAMoAM[3GzL[3GIJAEﬀZfGIOPJAET^JAEdBVA@ 1§¨OPT]OPTwGI¨[RNs¨JAOPNU[R{(Z=L[ t/V tE[3VA@ 3<CFEﬂJAHKL[UHwGIJ OPE/gA[UTYGIOPo/ZfGI[
GI¨[TYGsZ=tOPdPOBGFV HKJA [UHYGIOP[UT J=X¬oA[UE[UHKOPN1L[3GIJAEﬀZfGIOPJAE
XHKJAE/GIT"! OBG OPTzE[UNU[UTKTIZ=HYV GIJ {(Z=[1MTK[J=XcGI¨[






­cOBGI¨:t [UOPEoZ TK{(Z=dPd JATKOBGIOBgA[JAH E[Uo/ZfGIOBgA[5HK[hZ=dyEM{ t [UHU@



















 3cXJAHcGI¨[ LJ.­cETYGIHK[hZ={HK[UoAOPJAE 1
$

}H3 @( ZOPEo1MTK[ J=X1 ?A@`=qH3! OBGSOPT¬ JATKTKO  
tdP[zGIJ[ 2ﬀZ=EL t J=GI¨ GI¨[ EM{R[UHIZfGIJAHKT^Z=EL GI¨[:L[UEJA{ROPEﬀZfGIJAHKTJ=XªTKJAdPM2GIOPJAETA1 ?A@`=mH3Z=EL 1 ?A@`f53
Z=HKJAMELvGI¨[]TKJAEOPNwgA[UdPJﬃNUOBGFV5TKJ1Z=TcGIJRJAt2GsZ=OPEGI¨[zE[3­ [UOPoA[UE/g=Z=dPM[^[ 2HK[UTKTKOPJAETE1{(Z=H=[ULv­cOBGI¨ Z
GIOPdPL[ 3


































































































































































































































































































, 1 ?A@ q2?/3
mA}  :B J-ﬃ '  'ﬁﬃ '+&.8&






































































dPM2GIOPJAE 1 ?A@ /kH3!­cOBGI¨ [UOPoA[UE/g=Z=dPM[UT21 ?A@`AŁ03  1 ?A@`=kH3Z=EL [UOPoA[UE/gA[UN3GIJAHKT 1 ?A@ q2?/3  1 ?A@ q/_03!TIZfGIOPT

[UTwGI¨[
E[UNU[UTKTIZ=HYV t JAMELﬀZ=HYV NUJAELOBGIOPJAETU@^iﬀJAH¬GI¨OPTHK[hZ=TKJAE ­[:¨ﬀZhgA[ GIJNs¨[UN  GI¨ﬀZfGﬁ!OBXuGI¨[UHK[ Z=HK[zGIOP{R[




















¬X,GI[UH¬Z X[3­ Z=dPoA[UtHIZ=OPNGIHIZ=ETYXJAHK{(ZfGIOPJAET"!2OBGcOPT JATKTKOPtdP[SGIJ:gA[UHKOBX,V1GI¨ﬀZfG
1ZH3 CF{ 1  3








1t 3 CF{ 1  3








1N 3 CF{ 1  3






















































































{RJﬃL[UTy­cOBGI¨vCF{ 1  3

} ­[^GI¨[UEv¨ﬀZhgA[






































































¨ﬀZ=dBX  FdeZ=E[ﬂ!$­c¨[UHK[1oAHKJ.­cOPEo {RJﬃL[UTzZ=HK[(Z=dPdPJ.­[ULGIJ [ 2OPTYG TKOPENU[(JAEdBV
JAE[^NUJﬃ[  RNUOP[UE/G¬E[U[ULTcGIJ t [MU[UHKJ OPEGI¨[^NhZ=TK[^J=XTYGIHKJAEo(Z=EL x¨ﬀZ={(Z=E+ %=JAMoAM[3G¬L[3GIJAEﬀZfGIOPJAET"!
Z=EL¢EJAE[vOPE8GI¨[vNhZ=TK[ J=X­[hZ8L[3GIJAEﬀZfGIOPJAETU@¢§¨OPTRdeZfGKGI[UH HK[UTKMdBGRHK[UHK[UTK[UE/GIT5Z=E OP{R JAHYGsZ=E/G
LO#"[UHK[UENU[ t [3GF­[U[UElTYGIHKJAEo Z=EL ­[hZ L[3GIJAEﬀZfGIOPJAET(Z=EL¢­cOPdPdt [5XMHYGI¨[UH(MEL[UHKdPOPE[UL¢OPE GI¨[






¨ﬀZ=dBX  FdeZ=E[GI¨[]nﬀJ.­ OPTcTKM [UHKTKJAEOPN Z=EL Y[UE/GI[UHKOPEo 
 GI¨[^XHKJAE/G
Z=EL !Z=TªZwNUJAETK[ M[UENU[ﬂ!EJ^TKJAEOPNTKOPoAEﬀZ=d 1Z=EL:GI¨[UHK[3XJAHK[cEJ] [UHYGIMHKtﬀZfGIOPJAE 3;NhZ=ERt [yGIHIZ=ETK{ROBGKGI[UL
MTYGIHK[hZ={ J=XuGI¨OPT¬nﬀJ.­^@¬§¨OPTNhZ=E Z=dPTKJ(t [zTK[U[UE {(ZOPEo(MTK[zJ=XªiOPoAMHK[ ?A@ R­c¨OPNs¨ TK¨J.­cTSGI¨ﬀZfG




 OBGI¨OPEzGI¨[GI¨[UJAHYV J=XTK¨JﬃN ]­yZhgA[cTYGsZ=tOPdPOBGFV0!=OBGOPT EJ.­cE:GI¨ﬀZfGuGI¨[yNUJAELOBGIOPJAET;XJAHuZSTK¨JﬃN 











3!«Z=ELﬀZ=MﬂZ=ELﬂ«$OBXTK¨OBG< kA}ﬀJ3wZ=HK[ JAEdBV E[UNU[UTKTIZ=HYV
tM2GªEJ=GªTKM RNUOP[UE/GªGIJ]HKJ.gA[cGI¨ﬀZfGªOBG­cOPdPd2EJ=GªL[3gA[UdPJA(OPETYGsZ=tOPdPOBGIOP[UTU@§¨OPT {R[hZ=ETGI¨ﬀZfGZ=ER[3gAJAdPM+ 
GIOPJAEﬀZ=HYV(TK¨JﬃN 1NUJAMdPLt [UNUJA{R[wMETYGsZ=tdP[S­cOBGI¨HK[UTK [UN3GcGIJ TK{(Z=dPd  [UHYGIMHKtﬀZfGIOPJAETJ=XGI¨[wLOPTKNUJAE/GIO  
EMOBGFVTKMHYXZ=NU[ﬂ!­c¨OPNs¨5­JAMdPL5GI¨[UE Z= [hZ=H¬Z=T F
B;::P>H>ﬂF @C;=-DIH




GI¨[cﬀZ=TYGt J=GI¨ XJAHªZwEJAE+ FHK[UdeZfGIOBgﬃOPTYGIOPNyTK¨JﬃN L1Q  V/Z=J.gﬂ mAﬀC!  wJAE/GIJAHKJ.gﬃOPNs¨ﬂ Ł=ﬀC!+HK [UEt [UN ﬂ AﬀC!
«Z=ELﬀZ=M(Z=ELR«$OBXTK¨OBG<  kA}ﬁﬀJ3Z=EL XJAH ZwHK[UdeZfGIOBgﬃOPTYGIOPNx¨ﬀZ={(Z=E+ %=JAMoAM[3GªL[3GIJAEﬀZfGIOPJAE 1tE[3V ? ﬀJ3 @
HIZfGI¨[UHLO#"[UHK[UE/G5Z=HKJ/Z=Ns¨lXJAHZ
HK[UdeZfGIOBgﬃOPTYGIOPNvTK¨JﬃN  ­yZhgA[¨ﬀZ=T1t [U[UE HKJA JATK[UL t/VlEOPdP[




 ¨OBGI¨ﬀZ={  ?.qAﬁﬀ¨ﬀZ=Twt [U[UE GIHIZ=ETKdeZfGI[UL OPE/GIJ5Z{RJAHK[ HKOPoAJAHKJAMTXJAHK{ 1,­[ HK[UNhZ=dPd;GI¨ﬀZfG]Z=NUNUJAHKLOPEo
GIJ  ¨OBGI¨ﬀZ={L!ﬀZRNUJAHKHKMo/ZfGI[ULvTK¨JﬃN ­yZhgA[zOPTcTYGsZ=tdP[^OBXGI¨[]TK¨JﬃN 1gA[UdPJﬃNUOBGFV5L[UNUHK[hZ=TK[UT¬­c¨[UHK[]GI¨[
XHKJAE/GcOPE5[ 2ﬀZ=ELOPEo(Z=ELvOPENUHK[hZ=TK[UT­c¨[UHK[]OBGOPTcNUJAE/GIHIZ=N3GIOPEo53 @
ﬂ[ E[ ﬃG5LOPTKNUMTKTGI¨[ NUJAHKHKMo/ZfGIOPJAE<TYGsZ=tOPdPOBGFV J=X]HK[UdeZfGIOBgﬃOPTYGIOPNvTYGIHKJAEo L[3GIJAEﬀZfGIOPJAE<XHKJAE/GIT









d Q3z*ORN!,|gR_ ORQ	^DQcb]QcjRjRTPgRfTP^U[2j 2b]_ Qe^*O|b]N3^U[_ OR_ N3^UjŁhiN3g|TujSDNb546,5TZ3Q
^DNPOﬂORN[QcbeTf_ ^*ORNT(^1DuXYQegﬂNPhŁ[_ a:QegRQe^*O[_jRb]N3^*OR_ ^1D_ O fjDghyT3b]Qcj 	N3gRQe^Uj ORQe_ ^ TP^U[YSU[DTP^DNVZ   iM +ﬂN,wQeZ3Qegcz
ORSDQcjQb]N3^U[_ OR_ N3^Ujk[NW^DNPO

gRNVZ1_[Q_ ^hiN3gR(TVOR_ N3^+TPXYN3OuORSDQQeZ3N3d OR_ N3^NPhﬂORSDQjSDNb54 ,|SDQe^ORSD_jk_jjDX QcbMOkORN
b]N3gRgRﬁ)*TVOR_ N3^UjNPh ORSDQhigRN3^*Oc
m/_  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 

HKTYG TYGI[U NUJAETKOPTYGIT:OPE [UTYGsZ=tdPOPTK¨OPEo GI¨[NUJAHKHK[UN3G [UOPoA[UE/g=Z=dPM[UT GIJ Ns¨JﬃJATK[=@  ZOPEo MTK[J=XcGI¨[

























GIJ t [wMTK[UL OPE1GI¨[^NhZ=TK[^J=X;­[hZ1L[3GIJAEﬀZfGIOPJAET 1 

}H3 @§¨[^TK[UNUJAEL TYGI[UvNUJAETKOPTYGITcJ=XHK[ MOPHKOPEo
GI¨ﬀZfGGI¨[  [UHYGIMHKt [UL¦¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=dS[ MﬀZfGIOPJAETTIZfGIOPTYX,V 4KMEN3GIOPJAE NUJAELOBGIOPJAETZfGGI¨[ XHKJAE/G
[ 2HK[UTKTKOPEo GI¨[(NUJAETK[UHYg=ZfGIOPJAEJ=X[UE[UHKo=VﬂZ=ELﬂ{RJA{R[UE/GIM{HK[UTK [UN3GIOBgA[UdBVA@§¨[UTK[1¨ﬀZhgA[1Z=dPHK[hZ=L2V










































@ ¬J=GI[:GI¨ﬀZfG]GI¨[UTK[ 4KMEN3GIOPJAENUJAELOBGIOPJAETwE[U[UL Z=dB­yZhVﬃT
GIJ(t [][ 2HK[UTKTK[UL OPE5GI¨[]XHKJAE/G¬HK[UTYGXHIZ={R[]Z=ELvGI¨ﬀZfG¬GI¨[zdeZfGKGI[UHcNUJAOPENUOPL[UT­cOBGI¨vGI¨[zNUJﬃJAHKLOPEﬀZfGI[
XHIZ={R[wJAEdBV(­c¨[UEvGI¨[wXHKJAE/GcOPTME [UHYGIMHKt [UL@
«$[3G:MT:EJ.­ TKM JATK[1GI¨ﬀZfG GI¨[(XHKJAE/G OPT  [UHYGIMHKt [UL
­cOBGI¨ Z  [UHKOPJﬃLOPNRJATKNUOPdPdeZfGIOPJAE OPEﬂGI¨[












Z=EL¢dP[3GRMTRNhZ=dPNUMdeZfGI[1GI¨[vHK[UTKMdBGIOPEo XJAHK{ J=XGI¨[v [UHYGIMHKt [UL 4KMEN3GIOPJAE NUJAELOBGIOPJAETU@¢iﬀJAH:GI¨OPT





3cGIJGI¨[ XHKJAE/G21TK[U[RiOPoAMHK[1?A@ kH3c­c¨OPNs¨ !ZfGSGI¨[

































Qeg_ ^U[_b]Qcj 	$TP^U[ ,|_ d dDXYQﬂUjQc[kORN!_ ^U[_beTVORQ F*UTP^*OR_ OR_ Qcj?_ Qc[_TVORQed fTPSDQcT3[kNPh TP^U[XYQeSD_ ^U[
ORSDQhigRN3^*Oc







x 1 x 2
v’
t\#D46/  @H   TW7>ﬁ+?@ﬂ#(7%/5<:/ﬁﬀﬃﬁ&,ﬂ@ﬂ#D16&J1*-?791*//46@ﬂﬃﬁ2 25ﬂﬃ16&:@ﬂ#D16&N-0/16&,ﬂ5H

*&:2 @/?1*/ﬂ>1*4*16&:*):&:#Dﬂﬂ>/59] G*ﬁ79ﬂﬃ1*/ﬀ5Im&1*/+?*)m*&:2qﬂ*&4*ﬁ&,ﬂC/ﬁﬀﬃ<.ﬁ7 ]
ﬂ#DG*ﬁ)D~Lﬂﬃ1?ﬂ>C2:#(ﬀ7916&,ﬂ#(&F:#Dﬂ^~Lﬀ/-*79*H
CG¬OPTcEJ.­ E[UNU[UTKTIZ=HYVvGIJR[3g=Z=dPMﬀZfGI[SGI¨[] [UHYGIMHKt [UL [ 2HK[UTKTKOPJAET¬XJAHGI¨[wnﬀMOPL5gA[UdPJﬃNUOBGIOP[UTJAE
[UOBGI¨[UHTKOPL[wJ=X;GI¨[wXHKJAE/Gﬁ!ﬀZ=TyGI¨[UTK[zZ=HK[SgﬃOP[3­[UL OPE1GI¨[wXHKJAE/GcHK[UTYGcXHIZ={R[=@iﬀJAHyGI¨OPTMHK JATK[^OBGOPT















































































































m=  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 










































NhZ=dPdBV U[UHKJ@  ZOPEo MTK[J=X 1 ?A@`ŁA_03  1 ?A@`Łf53wOPE 1 ?A@ q/Ł03  1 ?A@ qAkH3!uOBGzOPT  JATKTKOPtdP[RGIJ ­cHKOBGI[1JAM2GzGI¨[
 [UHYGIMHKt [UL 4KMEN3GIOPJAE1NUJAELOBGIOPJAETyZ=EL(GIJ MTK[SGI¨[HK[UTKMdBGIOPEo TYVﬃTYGI[U{ J=X$GI¨HK[U[S[ MﬀZfGIOPJAETyOPE(JAHKL[UH






,:")3 @:CXGI¨[UHK[ OPT^Z5TKMHYXZ=NU[:GI[UETKOPJAE8HK[UTK[UE/G 1Z=TwOPE GI¨[
NhZ=TK[J=X¬Z ¨ﬀZ=TK[OPE/GI[UHYXZ=NU[ 3!OBGzOPT E[UNU[UTKTIZ=HYV
GIJ {RJﬃLOBX,V GI¨[{RJA{R[UE/GIM{jtﬀZ=deZ=ENU[Z=NUHKJATKTzGI¨[
XHKJAE/GGIJRGsZ=[:Z=NUNUJAME/GSJ=XuGI¨[z[ "[UN3GwJ=XuGI¨OPT 1 [UdPLJ.gﬃOPNs¨ [3GwZ=d @  ?ŁA_ﬁﬀJ3 @  ¨OPdP[wGI¨[z[UE[UHKo=V tﬀZ=d  
Z=ENU[ ZfG¬GI¨[]XHKJAE/GOPT¬MEﬀZ!"[UN3GI[UL t/V ZRNUJAETYGsZ=E/GwTKMHYXZ=NU[]GI[UETKOPJAE 1 vOPdPdP[UH¬Z=EL ©Z=E/GsZ=EJ  ?A?.mﬀJ3 @








































































































































































XJAHGI¨[ U[UHKJ=GI¨ JAHKL[UHgA[UdPJﬃNUOBGIOP[UT3 @ 2HK[UT  
TKOPJAET
1 ?A@`Ł=qH3  1 ?A@`Ł=H3HK[UHK[UTK[UE/GGI¨[ªTK [UNUOeZ=d/HK[UdeZfGIOBgﬃOPTYGIOPNuoA[UE[UHIZ=dPOhZfGIOPJAEwJ=X2GI¨[ [ MOBg=Z=dP[UE/G;[ 2HK[UT  
TKOPJAETLOPTKNUMTKTK[UL OPE
	 kA}J=X«Z=ELﬀZ=M Z=EL:«$OBXTK¨OBG<  kA}ﬀZ=EL HK[ULMNU[yGIJ¬GI¨[UTK[y­c¨[UE GI¨[ ¬[3­GIJAEOeZ=E
























ZfGcGI¨[]TKJAEOPNwgA[UdPJﬃNUOBGFVTKOP{ROPdeZ=HªGIJ GI¨[]JAE[^TK[U[UE OPEGI¨[&¬[3­GIJAEOeZ=EvNhZ=TK[ 1«Z=ELﬀZ=M Z=EL «$OBXTK¨OBG<
 kA}ﬀJ3 @ ﬂ[EJ=GI[ GI¨ﬀZfG5GI¨[NUJAHKHK[UTK JAELOPEo [ 2HK[UTKTKOPJAET L[UHKOBgA[UL t/V tE[3V  ? ﬀC!SLO#"[UHXHKJA{
 :B J-ﬃ '  'ﬁﬃ '+&.8&	     ,H&/ﬃ '+././ﬃ  m/
1 ?A@`Ł=qH3  1 ?A@`ŁAŁ03SZ=ELﬂLJ EJ=GzTK¨J.­ GI¨OPT^TKOPEoAMdeZ=H^t [U¨ﬀZhgﬃOPJAMH][ 2NU[U2G OPEGI¨[UOPH¬[3­GIJAEOeZ=EﬂdPOP{ROBGh@
§¨OPTLOPTKNUHK[UﬀZ=EN3VvOPT¬LM[]GIJ(GI¨[]XZ=N3G¬GI¨ﬀZfGOPE tE[3V  TGIHK[hZfGI{R[UE/GGI¨[^GIHIZ=ETYXJAHK{(ZfGIOPJAE5GIJRGI¨[




ﬂ[c¨ﬀZhgA[¬Z=dPHK[hZ=L2V {R[UE/GIOPJAE[UL:GI¨ﬀZfGªZwTKOPEoAMdeZ=Hut [U¨ﬀZhgﬃOPJAMHuXJAH ZSgA[UdPJﬃNUOBGFV t [U¨OPEL:GI¨[yXHKJAE/G
[ MﬀZ=d/GIJGI¨[ dPJﬃNhZ=dATKJAMELzTK [U[ULzOPTZcTYGsZ=ELﬀZ=HKL^X[hZfGIMHK[ J=XﬃGI¨[ªTYGsZ=tOPdPOBGFVSZ=EﬀZ=dBVﬃTKOPT$J=X2LOPTKNUJAE/GIOPEMOBGFV
TKMHYXZ=NU[UTU@¬[3gA[UHYGI¨[UdP[UTKT"!/oAHK[hZfGNhZ=HK[ª{ MTYGt [ GsZ=[UEz­c¨[UE:LOPTKNUMTKTKOPEo¬GI¨[UTK[dPOP{ROBGIOPEoyNhZ=TK[UT"!ATKMNs¨
Z=T¬GI¨[ HK[UTK[UE/G]x¨ﬀZ={(Z=E+ %=JAMoAM[3GSL[3GIJAEﬀZfGIOPJAETU@wWﬃJA{R[z¨/VﬃTKOPNhZ=dOPETKOPoA¨/GOPE/GIJRGI¨[zHKJA [UHYGIOP[UT
J=Xx¨ﬀZ={(Z=E+ %=JAMoAM[3G]L[3GIJAEﬀZfGIOPJAETwNhZ=EﬂZ=dPHK[hZ=L2V t [ o/Z=OPE[UL ­c¨[UEdPJﬃJ OPEo5ZfGwGI¨[R [UHYGIMHKt [UL
[ 2HK[UTKTKOPJAETXJAHGI¨[y¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=dﬃg=Z=HKOeZ=tdP[UTOPE GI[UHK{RTuJ=XﬀGI¨[ [UHYGIMHKtﬀZfGIOPJAE

 'CB DBfOPE/gA[UHYGIOPEo
[ 2HK[UTKTKOPJAET21 ?A@`Ł=qH3  1 ?A@`ŁAŁ03 ﬀ @cCFE GI¨OPTNhZ=TK[ﬂ!OPE XZ=N3Gﬁ!­[ NUJAMdPL NUJAENUdPML[zGI¨ﬀZfGGI¨[zNUJAHKHKMo/ZfGIOPJAET
HKJﬃLMNU[ULﬂJAEﬂZ x¨ﬀZ={(Z=E+ %=JAMoAM[3G]L[3GIJAEﬀZfGIOPJAE XHKJAE/Gzt/V  [UHYGIMHKtﬀZfGIOPJAET^OPE GI¨[RLJ.­cETYGIHK[hZ={









OPL[UE/GIOPNhZ=d NUJAENUdPMTKOPJAE(­cOPdPd t [SLHIZh­cEvZ=dPTKJzXHKJA{ GI¨[STYGIML2V1J=X$GI¨[SXMdPd LOPTK [UHKTKOPJAE1HK[UdeZfGIOPJAERXJAHZ
x¨ﬀZ={(Z=E+ %=JAMoAM[3GcL[3GIJAEﬀZfGIOPJAE 3 @
yGªGI¨OPTªTYGsZ=oA[¬OBGªOPT  JATKTKOPtdP[GIJzL[ULMNU[¬GI¨[cXJAHK{ J=XGI¨[¬LOPTK [UHKTKOPJAE(HK[UdeZfGIOPJAE t/V HK[ MOPHKOPEo
GI¨ﬀZfGGI¨[¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=dﬃ [UHYGIMHKtﬀZfGIOPJAETuHK[UTK[UE/G OPE GI¨[nﬀMOPL:Z=L/4IZ=NU[UE/GGIJGI¨[¨ﬀZ=TK[yOPE/GI[UHYXZ=NU[














































 ¨[3GI¨[UH^[ MﬀZfGIOPJAET21 ?A@`Ł=kH3Z=HK[ TKM RNUOP[UE/G^GIJ5L[3GI[UHK{ROPE[zGI¨[:LOPTK [UHKTKOPJAE HK[UdeZfGIOPJAE L[U [UELT^JAE




J=X;GI¨[^L[3GIJAEﬀZfGIOPJAEXHKJAE/G 1TK[U[ WﬃMtTK[UN3GIOPJAE?A@ m2@B?/3












U[UHKJwL[UoAHK[U[J=XMEL[UHKL[3GI[UHK{ROPEﬀZ=N3V 1TK[U[§Z=tdP[CKC 3 @=CFE:GI¨OPTNhZ=TK[ﬂ!/[ MﬀZfGIOPJAEL1 ?A@`Ł=kH3¨ﬀZ=TZSTKJAdPM2GIOPJAE
HKJ.gﬃOPL[UL5GI¨ﬀZfGGI¨[^L[3GI[UHK{ROPEﬀZ=E/GcJ=X;GI¨[^{(ZfGIHKO1J=XuNUJﬃ[  RNUOP[UE/GITg=Z=EOPTK¨[UT"! 'CB DB
mAq  :B J-ﬃ '  'ﬁﬃ '+&.8&






















































































































































































































































SE GI¨[¬J=GI¨[UH ¨ﬀZ=EL !OPE:GI¨[¬NhZ=TK[¬J=XZw­[hZ:L[3GIJAEﬀZfGIOPJAE GI¨[UHK[c[ 2OPTYGªXJAMHuXHK[U[¬ﬀZ=HIZ={R[3GI[UHKT













Z(TKMOBGsZ=tdP[^XJAMHYGI¨ t JAMELﬀZ=HYVvNUJAELOBGIOPJAE OPE JAHKL[UH¬GIJ({(Z=[]GI¨[zTKJAdPM2GIOPJAEvXMdPdBVL[3GI[UHK{ROPE[UL@¬CFE
GI¨OPTHK[UTK [UN3Gﬁ!­[hZ L[3GIJAEﬀZfGIOPJAETSZ=HK[zTKOP{ROPdeZ=HyGIJ(­[hZvL[3nZ=oAHIZfGIOPJAETSZ=EL OPE JAHKL[UHGIJ1t []XMdPdBV
L[3GI[UHK{ROPE[UL5HK[ MOPHK[^Z=E5[ MﬀZfGIOPJAEL[UTKNUHKOPtOPEo:GI¨[w{ROPNUHKJATKNUJAOPNStMHKEOPEo:{R[UNs¨ﬀZ=EOPTK{ JAH"!OPE1GI¨[






t [([ 2HK[UTKTK[UL@ iﬀJAH^GI¨OPT]HK[hZ=TKJAE !uOPEGI¨[RXJAdPdPJ.­cOPEo­[(­cOPdPddPOP{ROBGwJAMHKTK[UdBgA[UTzGIJ







!OBGzOPTz JATKTKOPtdP[ GIJ TK[U[1GI¨ﬀZfG:Z TYGIHKJAEo L[3GIJAEﬀZfGIOPJAE
EﬀZfGIMHIZ=dPdBV:[3gAJAdBgA[UTyOPE/GIJ Z:x¨ﬀZ={(Z=E+ %=JAMoAM[3GL[3GIJAEﬀZfGIOPJAER­c¨[UE1GI¨[¬gA[UdPJﬃNUOBGFV t [U¨OPEL(GI¨[¬XHKJAE/G





































































































g=Z=EOPTK¨OPEo GI[UHK{RT3 Z=EL GI¨ﬀZfGﬁ! OPE8JAHKL[UH GIJ ZhgAJAOPL Z TKOPEoAMdeZ=HKOBGFV0!uGI¨[




















































































































ﬂ[:EJ=GI[ GI¨ﬀZfGwOBGwOPTwZ1NUJA{R{RJAE [ 2 [UHKOP[UENU[ OPE L[hZ=dPOPEo(­cOBGI¨ GI¨[:TKJAdPM2GIOPJAE J=XªLOPTK [UHKTKOPJAE
HK[UdeZfGIOPJAETGI¨ﬀZfGTKMHKOPJAMTHKJﬃJ=GIT¬NhZ=E t []OPE/GIHKJﬃLMNU[UL !­c¨OPNs¨ GI¨[UE E[U[UL GIJ(t [zLOPTKNhZ=HKL[UL JAEvGI¨[
tﬀZ=TKOPTwJ=X¨/VﬃTKOPNhZ=dJAHwNUJAENU[U2GIMﬀZ=d NUJAETKOPL[UHIZfGIOPJAETU@:E [ Z={RdP[:J=XªGI¨OPTwOPTSGI¨[ HKJﬃJ=G 
J
­c¨OPNs¨
¨ﬀZ=T JATKOBGIOBgA[]OP{(Z=oAOPEﬀZ=HYV1ﬀZ=HYGSZ=EL ­JAMdPL dP[hZ=LvGIJ1Z=E [ 2 JAE[UE/GIOeZ=dPdBVoAHKJ.­cOPEo(METYGsZ=tdP[z{RJﬃL[=@
¬J.­[3gA[UH"! 
J
TK¨JAMdPLﬂt [RHK[ 4K[UN3GI[ULﬂTKOPENU[ROBG]LJﬃ[UT]EJ=GzTIZfGIOPTYX,V [UE[UHKo=Vt JAMELﬀZ=HYV NUJAELOBGIOPJAET]ZfG














§¨[:¨/VﬃTKOPNhZ=d{R[UNs¨ﬀZ=EOPTK{RT­c¨OPNs¨ JA [UHIZfGI[zGI¨OPTSdPOP{ROBGsZfGIOPJAE5L[U [UEL JAE GI¨[ TK [UNUO

N:TKOBG 
MﬀZfGIOPJAE MEL[UHS[ Z={ROPEﬀZfGIOPJAE Z=EL NhZ=E t [z[UOBGI¨[UHSLOPTKTKOPﬀZfGIOBgA[z[ "[UN3GIT"!$TKMNs¨Z=TwZ(nﬀMOPL gﬃOPTKNUJATKOBGFV0!
JAHNhZ=Evt [SGI¨[^NUJAETK[ M[UENU[zJ=XTKMHYXZ=NU[^GI[UETKOPJAE@ ¬J.­[3gA[UH"!GI¨[^HKJﬃJ=G 
J
LJﬃ[UTEJ=G¬NUJAE/GsZ=OPEvZ=E/V
mA  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 











JAEﬀZfGIOPJAE XHKJAE/GITwZ=EL ­cOPdPdt [ LOPTKNhZ=HKL[UL ¨[UHK[=@]iﬀMHYGI¨[UH[3gﬃOPL[UENU[ J=XGI¨[ OPEﬀZ=dPOPNhZ=tOPdPOBGFV1J=XGI¨[











3uOPE 1 ?A@ AmH3uOPTGI¨[¬NUJAETK[ M[UENU[
J=XZRQSJAdP[UHXHK[ M[UEN3VvGIHIZ=ETYXJAHK{(ZfGIOPJAEHK[UdeZfGIOBgA[wGIJ(Z {R[ULOPM{{RJ.gﬃOPEo(ZfGcGI¨[]TKJAMEL TK [U[UL
­cOBGI¨ Z X[3­ TKOP{RdP[]NhZ=dPNUMdeZfGIOPJAETcOBG¬OPT[hZ=TYVvGIJ(TK[U[zGI¨ﬀZfGGI¨OPTcGI[UHK{|TK¨JAMdPL Z=dB­yZhVﬃTt [zLO#"[UHK[UE/G
XHKJA{ U[UHKJ 1TK[U[^GI¨[^ [UELO5 3 @
SE GI¨[5J=GI¨[UHR¨ﬀZ=EL !yZfX,GI[UH TKJA{R[vZ=dPoA[UtHIZ=OPN1{(Z=EOPMdeZfGIOPJAET 1,GI¨[5L[3GsZ=OPdPT:J=X­c¨OPNs¨<Z=HK[
















OPTOPE5NUJAE/GIHIZ=TYG¬­cOBGI¨GI¨[^HK[UTKMdBGITcHK[UTK[UE/GI[UL t/V5tE[3V5OPE  ? ﬀ$­c¨OPNs¨vOPELOPNhZfGI[ULGI¨ﬀZfGx¨ﬀZ={(Z=E+ 
%=JAMoAM[3G(L[3GIJAEﬀZfGIOPJAET(Z=HK[5[ "[UN3GIOBgA[UdBV METYGsZ=tdP[ ZfG(Z=dPdy­yZhgA[UdP[UEo=GI¨TU@ TR{R[UE/GIOPJAE[UL t [3XJAHK[ﬂ!
GI¨[^JAHKOPoAOPEJ=X;GI¨OPTcLOPTKNUHK[UﬀZ=EN3V5OPTyGIJ t [wXJAMELvOPEGI¨[]Z=HKJh2OP{(ZfGIOPJAETZ=LJA2GI[ULvOPE  ? ﬀ$XJAHyGI¨[






OPT EJ=G gA[UHYV LO#"[UHK[UE/G:­c¨[UE8GI¨[{RJAHK[1oA[UE[UHIZ=dyTYGIHKJAEo L[3GIJAEﬀZfGIOPJAET Z=HK[
LOPTKNUMTKTK[UL@cCFEvGI¨OPT¬NhZ=TK[ﬂ!Z=dPd$J=XGI¨[][ 2HK[UTKTKOPJAETSOPE5GI¨[]LOPTK [UHKTKOPJAEvHK[UdeZfGIOPJAE1 ?A@ 2?/3yE[U[UL GIJRt [




L[3GIJAEﬀZfGIOPJAETZ=HK[ªOPELOPTYGIOPEoAMOPTK¨ﬀZ=tdP[Z=EL Z¬TK[UNUJAEL JAHKL[UH;[ 2ﬀZ=ETKOPJAE OPT$GI¨[UHK[3XJAHK[E[UNU[UTKTIZ=HYVA@§¨[
NUJA{RdP[3GI[oA[UE[UHIZ=dLOPTK [UHKTKOPJAE(HK[UdeZfGIOPJAE !/­c¨OPNs¨HK[UTKMdBGITXHKJA{ dP[UEo=GI¨/V1Z=dPoA[UtHIZ=OPNc{(Z=EOPMdeZfGIOPJAET"!






























































































































































































T¬XJAHGI¨[zNhZ=TK[zJ=X 1 ?A@ /_03![ MﬀZfGIOPJAE 1 ?A@ AqH3yNhZ=E t [zTIZfGIOPT

[UL JAEdBV5OBXGI¨[]NUJAE/GI[UE/GSJ=XuGI¨[
NUMHKdBV5tHIZ=N =[3GITSOPT¬TK[3GS[ MﬀZ=dGIJ U[UHKJZ=ELvGI¨OPT¬HK[UTKMdBGITOPE ZRTK[3gA[UE/GI¨ JAHKL[UH[ MﬀZfGIOPJAE OPE l­cOBGI¨
NUJA{RdP[ NUJﬃ[  RNUOP[UE/GITU@  CG OPTzTYGIHIZ=OPoA¨/GKXJAHY­yZ=HKLGIJ Ns¨[UN GI¨ﬀZfG 1 ?A@ AqH3wHK[ULMNU[UTzGIJ 1 ?A@ AmH3S­c¨[UE

ﬃ
}2@ ﬀc§¨[HKJﬃJ=GITJ=X 1 ?A@ AqH3NhZ=E1JAEdBV t [¬NUJA{RM2GI[UL1EM{R[UHKOPNhZ=dPdBV Z=EL(XJAH GI¨OPT ­[S¨ﬀZhgA[SOP{RdP[  
{R[UE/GI[UL Z=E Z=dPoAJAHKOBGI¨{ ­c¨OPNs¨ {(Z=[UTSMTK[ J=X ZRg=Z=HKOeZ=E/GJ=Xª«Z=oAM[UHKHK[  T(v[3GI¨JﬃL 1 ¬ ﬀ iﬀJAHYGIHIZ=E
«$OPtHIZ=HYVzxy}/_fSiui ?.}AqﬀJ3 @§¨[yNUJA{RM2GsZfGIOPJAETNhZ=E:t [ [UHYXJAHK{R[ULzJAEdBVzZfX,GI[UHZ=dPd/GI¨[ﬀZ=HIZ={R[3GI[UHKT













TYGIHK[UTKTªGI¨ﬀZfGªJAEdBVzGI¨[¬TKJAdPM2GIOPJAE J=X GI¨[¬NUJA{RdP[3GI[c JAdBVﬃEJA{ROeZ=d2Z=dPdPJ.­cTJAE[cGIJ]L[ULMNU[Z^NUJAETKOPTYGI[UE/G
OPN3GIMHK[J=X$GI¨[XMEN3GIOPJAEﬀZ=d L[U [UEL[UENU[^J=X$GI¨[SoAHKJ.­GI¨HIZfGI[JAE1GI¨[­yZhgA[UEM{ t [UH
#
@uE/VZ=EﬀZ=d  
VﬃTKOPT¬­c¨OPNs¨ TYGIMLOP[UT¬GI¨[zLOPTK [UHKTKOPJAEvHK[UdeZfGIOPJAE 1 ?A@ AqH3yOPEvGI¨[ Z=HKJh2OP{(ZfGI[^[ 2HK[UTKTKOPJAET­c¨OPNs¨ OBG
Z=TKTKM{R[UT^OPE GI¨[ dPJAEo5Z=ELTK¨JAHYG^­yZhgA[UdP[UEo=GI¨
IK@J?A@JFJD
1Z=TwLJAE[ t/V tE[3V ?*ﬀJ3SNhZ=E[hZ=TKOPdBV oAOBgA[
HKOPTK[SGIJ NUJAE2XMTKOPEoRJAM2GINUJA{R[UTU@
ﬂ[HK[UTK[UE/GROPE iOPoAMHK[ ?A@B?.} 1ZH3^HK[UTKMdBGIT:J=XcGI¨[1EM{R[UHKOPNhZ=dNUJA{RM2GsZfGIOPJAET]XJAHzGI¨[dPJAEo
­yZhgA[UdP[UEo=GI¨ HK[UoAOPJAE Z=EL:OPE:iOPoAMHK[?A@B?.}E1t 3XJAH;GI¨[TK¨JAHYGu­yZhgA[UdP[UEo=GI¨RJAE[ﬂ!A­cOBGI¨zGI¨[y­yZhgA[UEM{  
t [UHt [UOPEo^[ 2HK[UTKTK[ULOPE:MEOBGIT J=X

& u@uiOPoAMHK[w?A@B?.}21ZH3uZ=EL 1t 3uOPELOPNhZfGI[GI¨ﬀZfG GI¨[UHK[cOPT Z=dB­yZhVﬃT
Z HKJﬃJ=G¬J=X 1 ?A@ AqH3ª­c¨OPNs¨ ¨ﬀZ=Tc JATKOBGIOBgA[^OP{(Z=oAOPEﬀZ=HYV(ﬀZ=HYG 1Z=dPd$J=XGI¨[]J=GI¨[UHKT¬¨ﬀZhgA[z[UOBGI¨[UHcE[Uo/ZfGIOBgA[
JAHNUJAETYGsZ=E/GOP{(Z=oAOPEﬀZ=HYV ﬀZ=HYG3 @
/}  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 
1ZH3
1t 3
t\#D46/ﬁﬀ  @H    [5/ﬂ/Q=@ﬂ#D16&q4*/1edﬂ> /@ﬂﬃ3Ui+ jn<=)D1*ﬂﬃﬂﬃﬁ2 *ﬀCc-:&:79ﬂ#D16&q1*-gﬂ>




















 :B J-ﬃ '  'ﬁﬃ '+&.8&	     ,H&/ﬃ '+././ﬃ  ?
§¨[yOPETYGsZ=tOPdPOBGIOP[UT$L[UTKNUHKOPt [UL:t/V]GI¨OPT;HKJﬃJ=G¨ﬀZhgA[cZ¬oAHKJ.­GI¨:HIZfGI[ª­c¨OPNs¨ OPTOPEL[U [UEL[UE/GJ=X %!
OPENUHK[hZ=TK[UTdPOPE[hZ=HKdBV^­cOBGI¨ GI¨[y­yZhgA[UEM{ t [UH
#
Z=EL HKJﬃLMNU[UTªZ=E:OPE[3gﬃOBGsZ=tdP[[UE[UHKo=V:LOBgA[UHKoA[UENU[¬ZfG
¨OPoA¨RXHK[ M[UENUOP[UTU@ §¨[3VRNUdP[hZ=HKdBV HK[UHK[UTK[UE/GyGI¨[HK[UdPOPNUTªJ=XGI¨[METYGsZ=tdP[¬{RJﬃL[UTNUJAE/GsZ=OPE[UL(OPERGI¨[
HKJﬃJ=G 
J




TvZ HK[UTKMdBGﬁ!¬­[NhZ=E NUJAENUdPML[ GI¨ﬀZfG5TYGIHKJAEo L[3GIJAEﬀZfGIOPJAET5Z=dPTKJ8Z=HK[ dPOPE[hZ=HKdBV
D,F>HG"I
	(GIJ
NUJAHKHKMo/ZfGIOPJAETJ=X]GI¨[ XHKJAE/G Z=EL OPElGI¨OPT1GI¨[3V HK[UTK[U{ tdP[x¨ﬀZ={(Z=E+ %=JAMoAM[3GvL[3GIJAEﬀZfGIOPJAET1GIJ
­c¨OPNs¨ GI¨[3V:HK[ULMNU[cXJAH 

}2@ulTKOP{ROPdeZ=HHK[UTKMdBG1+'CB DBfGI¨ﬀZfGªZ=ER[3gAJAdPM2GIOPJAEﬀZ=HYVzXHKJAE/G OPT Z=dPTKJ^TYGsZ=tdP[
­cOBGI¨8HK[UTK [UN3GRGIJNUJAHKHKMo/ZfGIOPJAET3!ª¨ﬀZ=T t [U[UE¢JAt2GsZ=OPE[UL Z=dPTKJ t/V8EOPdP[Z=EL¢acMTKTKJ  ?A?ﬂ!?_8!?.}ﬁﬀ
OPE GI¨[:NUJAE/GI[ ﬃG]J=XªGI¨[:TYGsZ=tOPdPOBGFVvJ=XTK¨JﬃN  ­yZhgA[UTU@R©HKJﬃNU[U[ULOPEo­cOBGI¨OPE GI¨[ GI¨[UJAHYV J=XTKOPEoAMdeZ=H
¨/Vﬃ [UHKTKMHYXZ=NU[UT"!GI¨[3VNhZ={R[wGIJ:GI¨[^NUJAENUdPMTKOPJAEGI¨ﬀZfGGI¨[^dPOPE[hZ=HyTYGsZ=tOPdPOBGFV(NUJAELOBGIOPJAETXJAHdeZ=EﬀZ=H
HK[UdeZfGIOBgﬃOPTYGIOPN5TK¨JﬃN 8­yZhgA[UT5NUJAOPENUOPL[v­cOBGI¨¢GI¨JATK[ JAt2GsZ=OPE[UL<OPE GI¨[ XHIZ={R[3­JAH J=X^NUJAHKHKMo/ZfGIOPJAE
TYGsZ=tOPdPOBGFVA@
[3XJAHK[:GIMHKEOPEo5GIJ5GI¨[ LOPTKNUMTKTKOPJAEﬂJ=XªGI¨[RTYGsZ=tOPdPOBGFV J=XyL[3nZ=oAHIZfGIOPJAE XHKJAE/GIT"!Z5NUJA{R{R[UE/G
TK¨JAMdPLlt [ {(Z=L[ JAElTYGIHKJAEo8L[3GIJAEﬀZfGIOPJAETZ=ELlGI¨[  JATKTKOPtOPdPOBGFV J=X][U{RdPJ.VﬃOPEoﬂGI¨[U{pXJAH(GI¨[
oAHKJ.­GI¨1J=XE[3­¦¨ﬀZ=TK[wtMttdP[UTyLMHKOPEozNUJATK{RJAdPJAoAOPNhZ=dﬀ¨ﬀZ=TK[GIHIZ=ETKOBGIOPJAETU@ ﬂ[S¨ﬀZhgA[ 4KMTYGHKJ.gA[UL
GI¨ﬀZfGTYGIHKJAEo8L[3GIJAEﬀZfGIOPJAETZ=HK[ t J=GI¨l[3gAJAdPM2GIOPJAEﬀZ=HYV<Z=EL TYGsZ=tdP[ ­cOBGI¨lHK[UTK [UN3G5GIJ8NUJAHKHKMo/ZfGIOPJAE
OPETYGsZ=tOPdPOBGIOP[UT"!¨J.­[3gA[UHzOBG]OPT^ JATKTKOPtdP[ GIJvL[U{RJAETYGIHIZfGI[ GI¨ﬀZfG]TKMNs¨ﬂnﬀJ.­ NUJAE

oAMHIZfGIOPJAET^NhZ=EEJ=G
t [cHK[hZ=dPOU[UL LMHKOPEo]tMttdP[coAHKJ.­GI¨(Z=T GI¨[3V NhZ=EEJ=GªTIZfGIOPTYX,V GI¨[cHK[ MOPHK[UL(t JAMELﬀZ=HYV:NUJAELOBGIOPJAET
XJAHcZ TK[UdBXTKOP{ROPdeZ=HªTKJAdPM2GIOPJAE@ ©HKJﬃJ=XTJ=XGI¨OPT¨ﬀZhgA[]t [U[UE oAOBgA[UEvt/V5«Z=ELﬀZ=M Z=EL «$OBXTK¨OBG<; kA}ﬀ$XJAH
EJAEHK[UdeZfGIOBgﬃOPTYGIOPN deZ=EﬀZ=H Z=EL TK¨[UHKOPNhZ=dªXHKJAE/GIT"!t/V8WGI[UOPE¨ﬀZ=HKL2G  ?=mﬀªXJAH HK[UdeZfGIOBgﬃOPTYGIOPN TK¨[UHKOPNhZ=d
XHKJAE/GIT Z=EL t/V «Z=OPE[  /ﬁﬀXJAHzGI¨[NhZ=TK[J=X¬HK[UdeZfGIOBgﬃOPTYGIOPNRdeZ=EﬀZ=H]XHKJAE/GITU@ﬂ§¨[OP{R JATKTKOPtOPdPOBGFV J=X
¨ﬀZhgﬃOPEo GI¨OPT NUdeZ=TKT J=XSHK[hZ=N3GIOPJAE8XHKJAE/GITRZ=TRHK[UHK[UTK[UE/GsZfGIOBgA[ J=XGI¨[v{RJ=GIOPJAE J=XGI¨[vTKMHYXZ=NU[vJ=XwZ
YtMttdP[ 
5NhZ=E t [:TK¨J.­cEﬂZ=dPTKJ­cOBGI¨ TKOP{RdP[UHwZ=HKoAM{R[UE/GITU@ xJAETKOPL[UH^Z1nﬀMOPL [UdP[U{R[UE/Gw­c¨OPNs¨OPT
OP{R{R[ULOeZfGI[UdBV t [U¨OPEL ZvTYGIHKJAEo L[3GIJAEﬀZfGIOPJAE
Z=ELﬂ­c¨OPNs¨
¨ﬀZ=T 4KMTYG t [U[UE
GIHIZ=ETYXJAHK{R[UL
OPE/GIJvGI¨[
E[3­¨ﬀZ=TK[1,­[5¨[UHK[5{(Z=[GI¨[5OP{RdPOPNUOBGzZ=TKTKM{R2GIOPJAE GI¨ﬀZfG:GI¨[TKJAMEL TK [U[ULT(Z=HK[NUJAETYGsZ=E/G






TKMtTKJAEOPN gA[UdPJﬃNUOBGFVA@1WVﬃ{R{R[3GIHYV Z=EL GI¨[ HK[UTK[UENU[1J=XyZ=EJAHKOPoAOPE XJAHwGI¨[ tMttdP[ﬂ!;HK[ MOPHK[ GI¨ﬀZfG
GI¨[ nﬀMOPL gA[UdPJﬃNUOBGFV t [U¨OPEL GI¨[ XHKJAE/G]t [UNUJA{R[UT U[UHKJ TKJA{R[3­c¨[UHK[(OPE GI¨[ nﬀJ.­ HKJ

dP[RZ=ELGI¨OPT
NUJAMdPL JﬃNUNUMHS[UOBGI¨[UHgﬃOeZ1Z1HIZ=HK[3XZ=N3GIOPJAE ­yZhgA[ﬂ!JAHgﬃOeZ1Z1TK¨JﬃN v­yZhgA[=@ ¬J.­[3gA[UH"!$GI¨[ XHKJAE/Gw[ULoA[
J=XGI¨[HIZ=HK[3XZ=N3GIOPJAE ­yZhgA[SJAH GI¨[¬LOPTKNUJAE/GIOPEMOBGFV TKMHYXZ=NU[¬­JAMdPL(t [TK[U[UEZ=Tª{RJ.gﬃOPEozZfGªGI¨[TKJAMEL
TK [U[ULRJAHuXZ=TYGI[UHHK[UdeZfGIOBgA[GI¨[ynﬀMOPL [UdP[U{R[UE/GªZ=ELRZ=T ZwNUJAETK[ M[UENU[[UOBGI¨[UHJAE[y­JAMdPL OPE[3gﬃOBGsZ=tdBV
J.gA[UHYGsZ=[ GI¨[zL[3GIJAEﬀZfGIOPJAEvXHKJAE/Gh@TwZRHK[UTKMdBGﬁ!E[UOBGI¨[UHJ=XGI¨[UTK[zGF­J1nﬀJ.­cTSNhZ=E t [z[UTYGsZ=tdPOPTK¨[UL
t [U¨OPEL¢Z TYGIHKJAEoL[3GIJAEﬀZfGIOPJAE8XHKJAE/G ­c¨OPNs¨ OPT:GI¨[UE¢MEﬀZ=tdP[GIJﬂZ=L/4KMTYGROBGITK[UdBX¬GIJ GI¨[vHK[ MOPHK[UL
t JAMELﬀZ=HYV NUJAELOBGIOPJAETwZ=EL TKJNhZ=EEJ=G^t [:HKJﬃLMNU[ULOPE HIZ=N3GIOPNU[:Z=T^ZTYGsZfGIOPJAEﬀZ=HYV TKJAdPM2GIOPJAE XJAH
_  :B J-ﬃ '  'ﬁﬃ '+&.8&












HKTYGSTYGIMLOP[UL t/V «Z=ELﬀZ=M OPE
Z:TK[U{ROPEﬀZ=d ­JAH1J=X?.k=A Akﬀ$OPE1­c¨OPNs¨v¨[^TK¨J.­[ULvGI¨ﬀZfGﬁ!ﬀZfGcdPOPE[hZ=HJAHKL[UHOPEGI¨[w [UHYGIMHKtﬀZfGIOPJAE !
Z 
ATKdPJ.­¦NUJA{ tMTYGIOPJAE(XHKJAE/G 
 1,­[hZ(L[3nZ=oAHIZfGIOPJAE 3OPTMETYGsZ=tdP[wZfGZ=E/V(­yZhgA[UdP[UEo=GI¨@ §¨OPTyHK[UTKMdBG
­yZ=TNUJA{RﬀZfGIOPtdP[­cOBGI¨vGI¨[]JAtTK[UHYgA[UL OPHKHK[UoAMdeZ=HKOBGIOP[UTyOPEvHKJAﬀZ=o/ZfGIOPEo deZ=EﬀZ=HNUJA{ tMTYGIOPJAE5XHKJAE/GIT
Z=ELROPELOPNhZfGI[UL:GI¨ﬀZfGª¨OPoA¨[UH JAHKL[UH [ "[UN3GIT ­[UHK[¬HKJAtﬀZ=tdBV:HK[UTK JAETKOPtdP[XJAHuGI¨[¬TIZfGIMHIZfGIOPJAE J=X GI¨[
JATKNUOPdPdeZfGIOPJAET]Z=EL
GI¨[1HKJﬃLMN3GIOPJAE J=XGI¨[1oAdPJAtﬀZ=dPdBV TYGsZ=tdP[1NU[UdPdPMdeZ=H^XHKJAE/GITU@ CFE8¨OPTzL[UHKOBg=ZfGIOPJAE !
«Z=ELﬀZ=MRNUJAENU[UE/GIHIZfGI[UL(JAERZS­[hZ:L[3nZ=oAHIZfGIOPJAERZ=EL {(Z=L[MTK[¬J=X GI¨[c¨/Vﬃ J=GI¨[UTKOPT J=XNUJAE/GIOPEMOBGFV
J=X¬GI¨[5HK[UTKTKMHK[












NU[hZ=TK[UT1GIJﬂt [ ZoAJﬃJﬃL¢JAE[ Z=EL¢GI¨[ HKJAtdP[U{ E[U[ULT1GIJﬂt [ TKJAdBgA[UL¢GsZOPEoﬂOPE/GIJ
Z=NUNUJAME/G1GI¨[
HK[UTKTKMHK[ g=Z=HKOeZfGIOPJAE Z=dPJAEo1­cOBGI¨ GI¨[:NUJAETK[UHYg=ZfGIOPJAE J=Xª{RJA{R[UE/GIM{Z=NUHKJATKTSGI¨[:XHKJAE/G21,­[ HK[UNhZ=dPd
GI¨ﬀZfGGI¨[^HK[UTKTKMHK[zTK¨JAMdPL5t [^TK[U[UE Z=T¬Z nﬀMﬃvJ=X{RJA{R[UE/GIM{ 3 @
 dPOPE[hZ=HSTYGsZ=tOPdPOBGFV Z=EﬀZ=dBVﬃTKOPTwJ=XHK[UdeZfGIOBgﬃOPTYGIOPNzL[3nZ=oAHIZfGIOPJAE XHKJAE/GITw­JAMdPLHK[UTK[U{ tdP[ NUdPJATK[UdBV
GI¨[JAE[¬HK[UTK[UE/GI[ULOPE GI¨[HK[3gﬃOPJAMTªTKMtTK[UN3GIOPJAE !2tM2G­cOBGI¨RTKJA{R[¬OP{R JAHYGsZ=E/G LO#"[UHK[UENU[UT[U{R[UHKo! 
OPEovt [UNhZ=MTK[1J=XyGI¨[RLO#"[UHK[UE/G NhZ=MTIZ=dªTYGIHKMN3GIMHK[(t [3GF­[U[UE L[3nZ=oAHIZfGIOPJAETzZ=ELﬂL[3GIJAEﬀZfGIOPJAETU@CFE




1 ?A@`=}H3yGI¨ﬀZfGSTIZfGIOPTYX,VGI¨[ t JAMELﬀZ=HYVvNUJAELOBGIOPJAET 1 ?A@ qAmH3 @¬CFE GI¨[zNhZ=TK[ J=X ZRL[3nZ=oAHIZfGIOPJAE ! OPEvXZ=N3Gﬁ!






























































HKTYGNUJAETK[ M[UENU[ J=XSGI¨[ NUJAELOBGIOPJAET 1 ?A@ /Ł 2ZH3:OPT GI¨ﬀZfG1OBG(OPT(EJ
dPJAEoA[UHR JATKTKOPtdP[5GIJ






,")3cGIJt [ OPL[UE/GIOPNhZ=dPdBVLU[UHKJ 1Z=T
LJAE[(XJAHzL[3GIJAEﬀZfGIOPJAET3wTKOPENU[(GI¨[UHK[1[ 2OPTYGIT:ZfG dP[hZ=TYG JAE[(NUJﬃ[  RNUOP[UE/G ­c¨OPNs¨ LJﬃ[UT EJ=G E[U[UL
GIJ
 :B J-ﬃ '  'ﬁﬃ '+&.8&	     ,H&/ﬃ '+././ﬃ  /m




¨ﬀZ=T Z=dB­yZhVﬃTvZ E[Uo/ZfGIOBgA[ TKdPJA [ OPE GI¨[ NhZ=TK[ﬂJ=XzL[3nZ=oAHIZfGIOPJAETU@ jTK[UNUJAEL
NUJAETK[ M[UENU[RNUJAENU[UHKETSGI¨[:L[UoAHK[U[:J=X MEL[UHKL[3GI[UHK{ROPEﬀZ=N3V J=XªZ1L[3nZ=oAHIZfGIOPJAE ! ­c¨OPNs¨ OPTwZ=dB­yZhVﬃT


































3y­c¨OPNs¨ NUJAMdPLvt [zZ=TKTKJﬃNUOeZfGI[ULv­cOBGI¨ ZRTK{(Z=dPd [UHYGIMHKtﬀZfGIOPJAE





L[UoAHK[U[J=XMEL[UHKL[3GI[UHK{ROPEﬀZ=N3VRJ=X­[hZRZ=ELx¨ﬀZ={(Z=E+ %=JAMoAM[3GL[3nZ=oAHIZfGIOPJAET HK[3gA[UE/GITyXHKJA{ Z
-$LOPTKNUMTKTKOPJAEvJ=XGI¨[UOPHTYGsZ=tOPdPOBGFV1HKJA [UHYGIOP[UTcZ=ELvdPOP{ROBGITªGI¨[zZ=EﬀZ=dBVﬃTK[UTGIJ GI¨JATK[^TKOBGIMﬀZfGIOPJAET
XJAH;­c¨OPNs¨RZNUJAETKOPTYGI[UE/GXJAMHYGI¨:t JAMELﬀZ=HYVzNUJAELOBGIOPJAE NhZ=E:t [y[ 2HK[UTKTK[UL@ yGKGI[U{R2GITuJ=XGI¨[yTYGIML2V
J=XﬃGI¨[ dPOPE[hZ=HTYGsZ=tOPdPOBGFVHKJA [UHYGIOP[UT$J=X2HK[UdeZfGIOBgﬃOPTYGIOPN;­[hZwL[3nZ=oAHIZfGIOPJAETZ=T¨ﬀZ=TK[ OPE/GI[UHYXZ=NU[UTLMHKOPEo
NUJATK{RJAdPJAoAOPNhZ=d2¨ﬀZ=TK[cGIHIZ=ETKOBGIOPJAET¨ﬀZhgA[¬t [U[UE(NhZ=HKHKOP[ULRJAM2GªOPE:GI¨[¬ﬀZ=TYGªt J=GI¨ROPE GI¨[cdPOP{ROBGuJ=XTK{(Z=dPd
gA[UdPJﬃNUOBGIOP[UTE1«$OPE 
 ?.}A}ﬀC!  ^Z={ROPJAE =J.­cTOZ=ELﬂiﬀHK[U[UTK[  Łﬃ? ﬀC!LﬀZ={RTw[3GzZ=d @  ŁﬁﬀJ3SZ=ELOPE GI¨[:NhZ=TK[
J=X TK{(Z=dPdZ=EL deZ=HKoA[]gA[UdPJﬃNUOBGIOP[UTA1¬M[3Gw[3G^Z=d @E qA}ﬁﬀJ3 @ 	¬E2XJAHYGIMEﬀZfGI[UdBV5GI¨[:HK[UTKMdBGITSJAt2GsZ=OPE[UL XHKJA{
GI¨[UTK[SZ=EﬀZ=dBVﬃTK[UTyZ=HK[¬J=X,GI[UE(OPERNUJAE2nﬀOPN3GyZ=ELRGI¨OPT OPTªLM[¬{(Z=OPEdBVzGIJ]GI¨[¬TYGIHKJAEozL[U [UEL[UENU[SJ=XGI¨[
TYGsZ=tOPdPOBGFV(HKJA [UHYGIOP[UTJAE5GI¨[wXJAHK{ Ns¨JATK[UEvXJAHGI¨[^t JAMELﬀZ=HYVNUJAELOBGIOPJAEJAEGI¨[wgA[UdPJﬃNUOBGFVJ=X;GI¨[
L[3nZ=oAHIZfGIOPJAE1XHKJAE/G 1+'CB DB2JAEGI¨[^HIZfGI[]ZfG­c¨OPNs¨5GI¨[wGIHIZ=ETKOBGIOPJAEHKJﬃNU[U[ULT3 @
ﬂ[]t [UdPOP[3gA[^GI¨ﬀZfGcXMHYGI¨[UHcGI¨[UJAHK[3GIOPNhZ=dTYGIML2V5OPT¬E[UNU[UTKTIZ=HYV OPEvJAHKL[UHGIJ(TK [UNUOBX,V5OPE Z {RJAHK[
HK[UNUOPTK[ª­yZhV]GI¨[ª{ROPNUHKJA¨/VﬃTKOPNhZ=dHKJﬃNU[UTKTK[UTGsZOPEodeZ=NU[ZfG;GI¨[¨ﬀZ=TK[OPE/GI[UHYXZ=NU[yZ=EL]GI¨ﬀZfGt [3XJAHK[
GI¨OPTOPTLJAE[wGIJﬃJ { MNs¨vHKJﬃJA{ GIJ MENU[UHYGsZ=OPE/GFV5OPTdP[3X,GcOPE1GI¨[]Z=EﬀZ=dBVﬃTKOPTU@
A  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 
   <=ﬁ&#&)







Z1x¨ﬀZ={(Z=E+ %=JAMoAM[3GSL[3GIJAEﬀZfGIOPJAE !ﬀ­c¨OPdP[]OPEvGI¨[zTK[UNUJAEL ﬀZ=HYGOBGOPT¬TK¨J.­cE GI¨ﬀZfG¬GI¨[zJ=GI¨[UH¬GF­J
HKJﬃJ=GIT]LJ EJ=GzNUJAHKHK[UTK JAELﬂGIJ METYGsZ=tdP[({RJﬃL[UTU@viOPEﬀZ=dPdBV0!GI¨[RGI¨OPHKLﬂﬀZ=HYGzJ=XyGI¨[( [UELOﬂOPT
XJﬃNUMTKTK[UL JAE GI¨[HK[UTK[UE/GsZfGIOPJAE8J=XcGI¨[NUJA{RdP[3GI[Z=EL8oA[UE[UHKOPN1[ 2HK[UTKTKOPJAETRJ=XcGI¨[LOPTK [UHKTKOPJAE
HK[UdeZfGIOPJAE 1 ?A@ 2?/3OPE1GI¨[^NhZ=TK[]J=XTYGIHKJAEoRL[3GIJAEﬀZfGIOPJAETU@
	















3cOPE [ MﬀZfGIOPJAE 1 ?A@ AmH3TK¨JAMdPL Z=dB­yZhVﬃT
t [LO#"[UHK[UE/GXHKJA{U[UHKJ@[UNhZ=MTK[cOPEzGI¨[ ¬[3­GIJAEOeZ=E NhZ=TK[yGI¨[[ 2HK[UTKTKOPJAETªZ=HK[TKOP{RdP[UHuZ=EL:NhZ=E
t [ ¨ﬀZ=ELdP[UL Z=EﬀZ=dBVGIOPNhZ=dPdBV1­[ ­cOPdPdoAOBgA[zGI¨[ HKJﬃJ=X OPE GI¨OPTSdPOP{ROBGcJ=X TK{(Z=dPdgA[UdPJﬃNUOBGIOP[UTU@w¬J.­[3gA[UH"!
GI¨[1[ ﬃGI[UETKOPJAE
J=XGI¨[(HK[UTKMdBGzGIJ GI¨[(TK [UNUOeZ=dHK[UdeZfGIOBgﬃOPTYGIOPN:NhZ=TK[1OPTzHIZfGI¨[UHzTYGIHIZ=OPoA¨/GKXJAHY­yZ=HKL@vT
LOPTKNUMTKTK[ULvOPE5WﬃMtTK[UN3GIOPJAE ?A@ m2@`_8!ﬃGI¨[wLOPTK [UHKTKOPJAE1HK[UdeZfGIOPJAE(NhZ=Et [SJAt2GsZ=OPE[UL1JAENU[wHK[ MOPHKOPEozGI¨ﬀZfG







TYGsZfGI[ gA[UN3GIJAH NhZ=Eﬂt [(TKOP{RdBV ­cHKOBGKGI[UE
Z=T  ­[1¨[UHK[(JA{ROBG]ZvNUJA{R{RJAE XZ=N3GIJAH


























































































































CF{R JATKOPEoRGI¨[zNUJAELOBGIOPJAE 1 ?A@`Ł=kH3cZ=EL Z=TOPEo(XJAHcGI¨[zL[3GI[UHK{ROPEﬀZ=E/GJ=XuGI¨[zNUJﬃ[  RNUOP[UE/GITGIJ
t [MU[UHKJROPT[ MOBg=Z=dP[UE/GGIJRTK[3G












































































, 1 ?A@ kA}H3








@y¬J.­[3gA[UH"! GI¨[]TKJAdPM2GIOPJAE1 ?A@ kA}H3!­c¨OPNs¨
HK[UHK[UTK[UE/GIT GI¨[1TK{(Z=dPd gA[UdPJﬃNUOBGFV
dPOP{ROBG^J=XcGI¨[ JATKOBGIOBgA[1HKJﬃJ=G J=X 1 ?A@ =53!OPT:Z TKMHKOPJAMT:JAE[Z=EL








1 ?A@ AH3ª­JAMdPL5t [wGI¨[UEvOPL[UE/GIOPNhZ=dPdBV U[UHKJ@
	 	






























, 1 ?A@ k2?/3
­c¨[UHK[
#



























OPTSZ1 JATKOBGIOBgA[]HK[hZ=dEM{ t [UHXJAHSZ(L[3GIJAEﬀZfGIOPJAE !GI¨[ TKOPoAE J=XGI¨[ TMﬀZ=HK[:HKJﬃJ=GOPE 1 ?A@ k2?/3
L[U [UELTRJAE ­c¨[3GI¨[UH GI¨[­yZhgA[UEM{ t [UHRXJAH GI¨[ [UHYGIMHKtﬀZfGIOPJAE8{RJﬃL[
#
OPT:deZ=HKoA[UH JAH:TK{(Z=dPdP[UH

















 , 1 ?A@ kAmH3
JAH
/q  :B J-ﬃ '  'ﬁﬃ '+&.8&




























CG^OPTS[hZ=TYV GIJTK[U[:GI¨ﬀZfGwOPE t J=GI¨ NhZ=TK[UT]Z=EL OPHKHK[UTK [UN3GIOBgA[:J=X ­c¨OPNs¨ J=X GI¨[ GF­J5HKJﬃJ=GITSOPTSNs¨JATK[UE !
GI¨[ OP{(Z=oAOPEﬀZ=HYV
ﬀZ=HYG(J=XGI¨[ TKJAdPM2GIOPJAETRJ=XGI¨[ LOPTK [UHKTKOPJAE¢HK[UdeZfGIOPJAE8OPT(Z=dB­yZhVﬃT(E[Uo/ZfGIOBgA[ﬂ!yGI¨MT




























































































































































































































































































 :B J-ﬃ '  'ﬁﬃ '+&.8&	     ,H&/ﬃ '+././ﬃ  Ł
  6$% 9; 4

'&"./ﬃ 'ﬀﬂ'ﬃ  ﬁﬀﬂ   H&"  $*ﬃE ﬃ H$*'+&, $%"&/ﬃE.   &".  $*  '+	 ﬀﬂ'#5  5. 

 2'+&1B   M  ﬃ  L  .   H'+./) .  
ﬃD.  H&./  )'+& ﬀﬂ'# , 'J +





' % ﬀﬂ'#.  ﬃ5
$*JH&" H&./  ﬃD B

  ﬃD  '#ﬃD .  ﬃDA H'+./) '        &".  $    'ﬃD ﬃD ﬃ H$*'+&,  5. 

 2'+&,
+  ﬃD &,+  '  ﬃD ﬃ '  2&,+ /ﬃ   ﬃD  .8ﬃ '+./ .   ﬃD  H'+./)E'
  +ﬃD  ﬃD ﬃD     '&".8ﬀﬂMﬃ '   &,+ -ﬃ '  H&/ﬃ ./ A$B ) '+&,   -ﬃD

 -ﬃ '+&, ﬃ ,-ﬃ  ﬃ.  C5'&"./ﬃ 'ﬀﬂ'ﬃ  ﬁﬀﬂ   H&"E&, -EH&)'+    ' ﬃ  2 .  
(&/ﬃ 'ﬃ '+.8ﬀﬂ
')())'ﬃ  '  ﬁﬀﬂ   H&" H&./ )'+& &"./),-ﬃ '+./LJ  "$)$* B

.8&  J./ﬃ   ,H&/ﬃ '+./  J./ﬃ E(    $*.,$%ﬁﬃ '+2 &, - )& '-   
 ,)M.   ﬃD    -ﬃD -ﬃ '+&,  C./  '  B   ' 5'  &" -/ﬃ  " ﬃD2ﬃ  .
&J  .  5'&"./ﬃ 'ﬀﬂ'ﬃ  ﬁﬀﬂ   H&"'MﬃD -ﬃ ﬃD ﬀﬂ'#.  H&./  ,H&/ﬃ '+./  J./ﬃ '
ﬀ'*U%





Bﬁﬀ  &"./)ﬃﬂ)ﬀ5&"ﬃ ﬃD ﬀﬂ'#
ﬁﬃ-ﬃ ./ 'ﬃD  '#).    ,H&/ﬃ '+./  J./ﬃ  )& '-    ﬃ  .













  ﬀﬂ  ﬀﬂEﬃ .8./ ﬃ .
5'& ' 2' -ﬃ  ﬃDﬂ5'  ﬃ $%./  '+ 5. ) 2'+&,./ﬀ)ﬃ '+./)
.  ﬃD2&"./),-ﬃ '+./ J  M' ﬃD2&,2.  $&%  ﬃ ./)'J  J-ﬃ '  'ﬁﬃ '+&' (.8&5A .  









B J-ﬃ '  Aﬃ .LﬃD'   5'ﬀ , "
ﬃD  J./ﬃ ﬁﬀﬁ$% ./)'+&  ﬁﬀ./)'+&$%"&/ﬃ '   B






 6ﬂﬀ,+.-%  ﬁ/
)/ﬃ ./ -ﬃ '+./)$#)) ﬁH-ﬃ '+./)*' H&"&"./ 5' Lﬃ . /ﬃD ﬃD.  -

)' ﬃD  J./ﬃ 'ﬁﬀﬁ$% ./)'+&	$ﬁﬀ./)'+&'ﬃ ﬁﬀ./)'+&	$ﬁﬀﬁ$% ./)'+&' ./Mﬃﬂ)ﬀH ﬃ .LﬃDM+.8&,
.8ﬀﬂ $%" L  ,ﬁﬀﬂ  ' ﬃDﬁﬃ  J  .   ﬃD  J./ﬃcB





&, -  .  ﬃ ' $*.ﬀ5&" B0 .     ﬃD)').8 .8ﬃ  ﬀHﬃ " ﬃD -ﬃ 'ﬃ




/  :B J-ﬃ '  'ﬁﬃ '+&.8&
	     ,H&/ﬃ '+././ﬃ 

ﬀ  '  $*+
'5'+&,-ﬃ '+./ .   ﬃD ﬁﬃ ''ﬃ  $*.,$%ﬁﬃ '+ .   5'&"./ﬃ 'ﬀﬂ'ﬃ  ﬁﬀﬂ   H&" &".    J. 
ﬃD &,+&/ﬀﬂJ-ﬃ '+./ .   'ﬃ 
)ﬁﬁﬁ %c;;)ﬁf)ﬁ/.ﬁf
ﬀ"=£
B )' '!H'     ﬃDﬀ -
.  ﬀﬂ) )/ﬃ  2'  $  /ﬃ  2ﬃD -ﬃ&, -A .8&'J-ﬃ    'ﬃDE$%ﬁﬃ ﬀﬂ 0-ﬃ '+./ .  ﬃD
ﬁﬀﬂ   H&"DB

	 )'+ 5'&"./ﬃ 'ﬀﬂ'ﬃ  'ﬃD  /.) H" .   ﬀﬂ) )/ﬃ  2' H&  '
',  ﬁﬃ +ﬃ ﬃD
.,$)$%./ 'ﬃ ' .8ﬃ ﬃ ﬁﬀ5 C./E5'&"./ﬃ 'ﬀﬂ'ﬃ   'ﬃD A())'ﬃ :) H" .  
ﬀﬂ) )/ﬃ  2' H&  B

*ﬃ ./ 2 1 "$  
0.8ﬀ ﬀ5/ﬃ)/ﬃ ./ -ﬃ '+./)    
/ﬁ% )ﬁﬁﬁ
.   ﬀﬂ) )/ﬃ  2' H&  B
	 , )/ﬃ ./ -ﬃ '+./)  ,  1 "$  








ﬀﬂ) )/ﬃ  2' H&  B

 ) H".   ﬀﬂ) )/ﬃ  2' H&  .    ,H&/ﬃ '+./  J./ﬃ%&, -&"./  )'+ﬃ   $*ﬃ  
' ﬃ  2 .   & H&/ﬃ  'ﬁﬃ '+&E&/ﬀﬂ 1B*ﬀ5&   $*ﬃ-ﬃ '+./ .   ﬃD2&,-ﬀﬂ ﬁﬃ ﬁﬀ5&/ﬃ ﬀﬂ2.  
,H&/ﬃ '+./  J./ﬃ  $%./'ﬃ  .8ﬀ)ﬃ ﬃD JH& .  
 
 $ﬀ'S"Aﬀ;*Uﬀ'w"A% ;ﬁﬃ"=% 
-/ﬃ  " 
 , )/ﬃ ./ -ﬃ '+./  ﬃD   5'J2./ 'ﬃD  '#)M.  
ﬃD  J./ﬃcB





H&/ﬃ ﬃDH.  ﬃD .     $%ﬁﬃ ﬀﬂ 0-ﬃ '+./2$%./  '2$*.ﬀ5&" B

ﬀ ())'ﬃ  ) H" .  Aﬀﬂ) )/ﬃ  2' H&    ﬃD &"./)ﬃﬂ)ﬀ5&"ﬃD -ﬃM'ﬃ '
%ﬀ
$%./  '+
ﬃ . $%  C./  
ﬁﬃﬁﬀ'
ﬁﬃ ''ﬃ   ) ' ﬀﬂ)+   ﬀﬂﬁﬃD ﬃﬂ)ﬀH-ﬃ '+./) ﬁﬀﬁ$)$*+ ﬃ  B
  J-ﬃ ﬃ  - ﬁﬃ ./ Hﬂ) $%)ﬃ ./ ﬃD$%"&'(& $*. + ﬀﬂ)   B

  ./ﬃ  ﬃ . "&"ﬃ
&J' 2      (.  ﬃD -ﬃ%ﬁﬃ ./  )/ﬃ ./ -ﬃ '+./)  -.8ﬃD
ﬁ/+ % ',+
% .£¢ﬀ;)¦*3."!'ﬁ
 'ﬃDL$%"&/ﬃﬃ . &"./ ﬁﬀ8-ﬃ '+./).   ﬃD  J./ﬃ  ﬃD -ﬃ 1 "$  

0.8ﬀ ﬀ5/ﬃ)/ﬃ ./ -ﬃ '+./) "$)$%,2ﬃ . -
ﬁ/+ % '$% .£ ﬀ;) ;;"A% ;);,% ﬀ'',£¦'ﬁf',£
*3."!'ﬁ
B  )''' ﬁH" ﬃ  'ﬃD '5'+&,-ﬃ '+./) &". 2'   J.  ﬃD ) H" .   ﬀﬂ) )

ﬃ  2' H&  .  
ﬃD  J./ﬃ 
      

	   u	  
     !	      ;p	  
/    
    	 
    ;p	
` ﬀﬂﬁﬃ! !"$#&%&'(ﬃ!)*"+ﬁ,ﬃ",6`<*8 6$)  ) *9; /4 #& !"$# 4 ﬁ 9 )1'0
T{R[UE/GIOPJAE[UL OPEvGI¨[zHK[3gﬃOPJAMT¬Ns¨ﬀZ=2GI[UH"!HK[UdeZfGIOBgﬃOPTYGIOPNwHK[hZ=N3GIOPJAEvXHKJAE/GIT¨ﬀZhgA[ t [U[UE OPE/gA[UTYGIOPo/ZfGI[UL
OPE¢oAHK[hZfG1L[3GsZ=OPdcTKOPENU[vGI¨[3V¢NUJAMdPL<TK[UHYgA[ GIJ
L[UTKNUHKOPt [ GI¨[ L2VﬃEﬀZ={ROPNUT(J=XSGI¨[ ¨ﬀZ=TK[ OPE/GI[UHYXZ=NU[
t [3GF­[U[UE¢GI¨[vE[3­M!dPJ.­ GI[U{R [UHIZfGIMHK[5¨ﬀZ=TK[ Z=EL8GI¨[vJAdPL !ª¨OPoA¨8GI[U{R [UHIZfGIMHK[v¨ﬀZ=TK[vLMHKOPEo
NUJATK{RJAdPJAoAOPNhZ=d

HKTYG JAHKL[UH:¨ﬀZ=TK[1GIHIZ=ETKOBGIOPJAETU@ §¨OPT:Ns¨ﬀZ=2GI[UH:OPT L[ULOPNhZfGI[UL GIJ GI¨[5Z=EﬀZ=dBVﬃTKOPT J=X
GI¨[c¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUTªJ=XTK¨[UHKOPNhZ=d­[hZ L[3nZ=oAHIZfGIOPJAETu­c¨OPNs¨(NUJAMdPL ¨ﬀZhgA[¬deZhVA[UL1Z^ﬀZ=HYGIOPNUMdeZ=HKdBV
OP{R JAHYGsZ=E/GHKJAdP[SLMHKOPEo ¨ﬀZ=TK[^GIHIZ=ETKOBGIOPJAETyOPEGI¨[^[hZ=HKdBV 	¬EOBgA[UHKTK[=@
§¨[5HK[hZ=TKJAE8XJAH GI¨OPT HKOBgﬃOPdP[UoA[UL HKJAdP[¨ﬀZ=T GIJ t [1XJAMEL OPE
GI¨[XZ=N3G:GI¨ﬀZfG L[3nZ=oAHIZfGIOPJAET
OPE8oA[UE[UHIZ=d¬Z=EL8­[hZ8L[3nZ=oAHIZfGIOPJAET OPE8ﬀZ=HYGIOPNUMdeZ=H:HK[ MOPHK[5{ROPEOP{(Z=dªNUJAELOBGIOPJAET OPE8JAHKL[UH GIJ
t [ HKJﬃLMNU[ULl­cOBGI¨OPE Z
NUJATK{RJAdPJAoAOPNhZ=dcTKNU[UEﬀZ=HKOPJ 1TK[U[Wﬃ[UN3GIOPJAE @ mﬂXJAHZ LOPTKNUMTKTKOPJAE J=X^GI¨OPT3 @
TzZ5HK[UTKMdBGﬁ!GI¨[R¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUT^J=XyTK¨[UHKOPNhZ=d­[hZ L[3nZ=oAHIZfGIOPJAET^NhZ=Et [RMTK[UL
OPE JAHKL[UH^GIJ














[3g=Z= JAHIZfGIOPEo LHKJA Z
B;=F : >5B,F @J=
TK¨[UHKOPNhZ=dªTYVﬃTYGI[U{ ¨ﬀZhgﬃOPEo JAE[1LOPTKNUJAE/GIOPEMOBGFV TKMHYXZ=NU[
{RJ.gﬃOPEovZ=TzZ5HK[hZ=N3GIOPJAE XHKJAE/Gh@(§¨[(NUJAENU[U2GIT Z=EL GI¨[RoA[UE[UHIZ=d TKJAdPM2GIOPJAET^HK[UTK[UE/GI[UL
¨[UHK[R­cOPdPd
¨ﬀZhgA[ZwLOPHK[UN3GªZ=dPOPNhZfGIOPJAE OPE:GI¨[cLOPTKNUMTKTKOPJAERJ=X GI¨[coA[UE[UHIZ=dﬀHK[UdeZfGIOBgﬃOPTYGIOPN¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUT J=X GI¨[
NUJATK{RJAdPJAoAOPNhZ=d MﬀZ=H ﬃ¨ﬀZ=LHKJAEv¨ﬀZ=TK[^GIHIZ=ETKOBGIOPJAE1­c¨OPNs¨5­cOPdPdt [^HK[UTK[UE/GI[UL OPEvx¨ﬀZ=2GI[UHSﬃ@
¬J.­[3gA[UH"!t [3XJAHK[zLOPTKNUMTKTKOPEo(OPE L[3GsZ=OPd$GI¨[zoA[UE[UHIZ=dTKJAdPM2GIOPJAETcXJAHctMttdP[UTSZ=EL LHKJAT"! OBG
/k












JAE GI¨[¬ JATKTKOPtOPdPOBGFVzJ=X{RJﬃL[UdPdPOPEowZ^¨/VﬃTKOPNhZ=d ¨[UEJA{R[UEJAE(J=XOPE/GI[UHK[UTYGt/V GI¨[cTYGIML2VRJ=X$Z=E(Z=EﬀZ=d  
JAoAJAMT¬¨[UEJA{R[UEJAEv­c¨JATK[zHKJA [UHYGIOP[UT¬NhZ=E t []TKMOBGsZ=tdBVHK[UTKNhZ=dP[UL@CFEvGI¨OPTc­yZhV0! t/Vv[ 2dPJAOBGIOPEo
GI¨[zHKJA [UHYGIOP[UT¬J=XTKOP{ROPdeZ=HKOBGFV0!2OBG¬OPT¬ JATKTKOPtdP[^GIJ( [UHYXJAHK{L!OPEvHK[ULMNU[UL Z=EL OPE[ 2 [UETKOBgA[ deZ=t JAHIZ  
GIJAHYV]NUJAELOBGIOPJAET"!=[ 2 [UHKOP{R[UE/GITGI¨ﬀZfG;­JAMdPL J=GI¨[UHY­cOPTK[yHK[ MOPHK[{ MNs¨:{RJAHK[ªNUJAETKOPL[UHIZ=tdP[[ "JAHYGITU@
T^OPE GI¨[ NUJAE/gA[UHKTKOPJAE XHKJA{ ZTYVﬃTYGI[U{ J=XMEOBGITwGIJvZ=EJ=GI¨[UHwJAE[ﬂ!$GI¨[ HKJA [UHYGIOP[UT^J=XyZTK [UNUO

N
¨[UEJA{R[UEJAE NhZ=E GI¨[UE t [zL[ULMNU[UL XHKJA{GI¨[ Z=TKTKOPoAE[UL HKJA [UHYGIOP[UT¬J=X Z=EJ=GI¨[UH¨[UEJA{R[UEJAE !
­c¨[UEvGI¨[^deZfGKGI[UHyOPT  ' 2'JªGIJ:GI¨[

HKTYG¬JAE[ 1 Wﬃ[ULJ.g  ?=}ﬁﬀJ3 @




D,@J?A@JI >ﬂ:@JF 7 B,:@JF
	
:@ >
OPTGI¨[UHK[3XJAHK[ HK[UdP[3g=Z=E/Gh@:iﬀJAHGI¨OPTwMHK JATK[ﬂ!dP[3G^ZoAOBgA[UE ¨[UEJA{R[UEJAE









NhZ=TK[wGI¨[UE !ﬀOBGOPT[3gﬃOPL[UE/GcGI¨ﬀZfG   *
#
OPTyGI¨[w{(Z2OP{ M{ EM{ t [UHcJ=X;OPEL[U [UEL[UE/GLOP{R[UETKOPJAEdP[UTKT
NUJA{ tOPEﬀZfGIOPJAET JAM2GyJ=X$GI¨[   ﬀZ=HIZ={R[3GI[UHKTU@uCFEJ=GI¨[UHª­JAHKLT"!Z=dPdJ=XGI¨[SLOP{R[UETKOPJAEdP[UTKTªHKJA [UHYGIOP[UT
J=XGI¨[yoAOBgA[UE ¨[UEJA{R[UEJAE NhZ=E t [[ 2HK[UTKTK[ULROPE]GI[UHK{RTJ=XGI¨[ *
#
OPEL[U [UEL[UE/GLOP{R[UETKOPJAEdP[UTKT
NUJA{ tOPEﬀZfGIOPJAETU@CG¬XJAdPdPJ.­cTyGI¨[UE !GI¨ﬀZfGSZRE[UNU[UTKTIZ=HYV Z=EL TKM RNUOP[UE/GSNUJAELOBGIOPJAEXJAHcGF­J(¨[UEJA{  
[UEﬀZ GIJ(t []TKOP{ROPdeZ=HyOPTGI¨ﬀZfG¬GI¨[]EM{ t [UHJ=XGI¨[UOPH¬OPEL[U [UEL[UE/GSLOP{R[UETKOPJAEdP[UTKTcNUJA{ tOPEﬀZfGIOPJAETJ=X
ﬀZ=HIZ={R[3GI[UHKT]OPTwGI¨[RTIZ={R[ XJAHwGI¨[ GF­J ¨[UEJA{R[UEﬀZ 1 Wﬃ[ULJ.g  ?=}ﬁﬀJ3 @iﬀJAH]Z5HK[UdeZfGIOBgﬃOPTYGIOPN:TYVﬃTYGI[U{
[ 2HK[UTKTK[UL¢OPE





MﬀZ=E/GIOBGIOP[UT¬NhZ=E t []GI¨JAMoA¨/GSJ=X Z=TdP[UEo=GI¨TZ=EL LOP{R[UETKOPJAEdP[UTKTcﬀZ=HIZ={R[3GI[UHKTNhZ=E t [^GI¨JAMoA¨/GSJ=X
Z=TgA[UdPJﬃNUOBGIOP[UTU@
 ¨OPdP[^GI¨[ NUJAELOBGIOPJAE J=X TKOP{ROPdeZ=HKOBGFV(OPTMTK[3XMd;GIJ1[UTYGsZ=tdPOPTK¨ Z(HK[UdeZfGIOPJAEvt [3GF­[U[UE GF­J1¨[  
EJA{R[UEﬀZ-!;GI¨[(NUJAELOBGIOPJAE J=XTK[UdBXTKOP{ROPdeZ=HKOBGFV OPT]MTK[3XMdªGIJ [UTYGsZ=tdPOPTK¨ﬂZvHK[UdeZfGIOPJAEt [3GF­[U[UE8Zv¨[  
EJA{R[UEJAE Z=EL OBGITK[UdBX @ iﬀJAHK{(Z=dPdBV TK [hZOPEo)! Z TKJAdPM2GIOPJAEGIJ Z {R[UNs¨ﬀZ=EOPNhZ=dJAHz¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d






GI¨[z¨/VﬃTKOPNhZ=dﬂMﬀZ=E/GIOBGIOP[UT¬HK[UHK[UTK[UE/GsZfGIOBgA[ J=XuGI¨[zHKJAtdP[U{NhZ=E t []HK[3­cHKOBGKGI[UE Z=TZ XMEN3GIOPJAE J=X Z
D,@J?A@JI >ﬂ:@JF 7>ﬂ:@ >HG"I
	,!A­c¨OPNs¨(OPTªMTKMﬀZ=dPdBV:Z]NUJA{ tOPEﬀZfGIOPJAE:J=XGI¨[¬TKﬀZfGIOeZ=dZ=EL GIOP{R[cNUJﬃJAHKLOPEﬀZfGI[UTU@CFE
J=GI¨[UHª­JAHKLT"!ﬀZ=dBGI¨JAMoA¨1Z]TK[UdBXTKOP{ROPdeZ=HuTKJAdPM2GIOPJAE(LJﬃ[UT[3gAJAdBgA[SOPERGIOP{R[ 1+'CB DB/OBGOPTªEJ=GyTYGsZfGIOPJAEﬀZ=HYV)3!
OBG¬E[3gA[UHYGI¨[UdP[UTKTS[3gAJAdBgA[UTTKJRGI¨ﬀZfGcGI¨[]TKJAdPM2GIOPJAEvZfGSZ=E/V5OPETYGsZ=E/G¬OPT ' 2'J 1OPE5GI¨[]TK[UETK[zL[

E[UL
Z=t J.gA[ 3yGIJ GI¨[]TKJAdPM2GIOPJAETcZfG¬E[UOPoA¨t JAMHKOPEo OPETYGsZ=E/GIT 1yZfGINs¨[UdPJAH9 ?ŁﬁﬀJ3 @ªE JAt/gﬃOPJAMTcNUJAENUdPMTKOPJAE
GI¨ﬀZfGNhZ=E(t [¬LHIZh­cE(XHKJA{GI¨[¬LOPTKNUMTKTKOPJAE1Z=t J.gA[OPTGI¨ﬀZfGyZ]TK[UdBXTKOP{ROPdeZ=HuTKJAdPM2GIOPJAE NhZ=E(t [¬HK[hZ=dPOU[UL
OPE5HIZ=N3GIOPNU[wJAEdBV(OPEvZ ¨/VﬃTKOPNhZ=dTYVﬃTYGI[U{GI¨ﬀZfGcLJﬃ[UTEJ=Gc JATKTK[UTKT¬OPE/GIHKOPETKOPNSdP[UEo=GI¨5JAHGIOP{R[STKNhZ=dP[UT
TKOPENU[wGI¨[^deZfGKGI[UHNUJAMdPL5EJ=Gct [^[ 2HK[UTKTK[UL OPEGI[UHK{RTcJ=X;GI¨[^TKOP{ROPdeZ=HKOBGFV:g=Z=HKOeZ=tdP[=@
  B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,

) ﬁH-ﬃ '+./) ﬃ?






TKJAdPM2GIOPJAE GIJ5Z1oAOBgA[UE ¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=dHKJAtdP[U{|­c¨[UE GI¨[:HK[UdP[3g=Z=E/Gw[ MﬀZfGIOPJAET^Z=HK[ ­cHKOBGKGI[UE OPE
GI[UHK{RT1J=X Z
TK[UdBX]TKOP{ROPdeZ=H g=Z=HKOeZ=tdP[=@ §¨[ TK[UNUJAEL¦HK[hZ=TKJAE OPT1GI¨ﬀZfGEﬀZfGIMHK[ TK[U[U{RTGIJ HKOBgﬃOPdP[UoA[
TKJAdPM2GIOPJAET]­c¨OPNs¨ ¨ﬀZhgA[5TK[UdBXcTKOP{ROPdeZ=H^HKJA [UHYGIOP[UTU@ CFE
GI¨OPT TK[UETK[ﬂ! GI¨[1TK[hZ=HKNs¨8XJAH Z TK[UdBX¬TKOP{ROPdeZ=H
t [U¨ﬀZhgﬃOPJAMHyLJﬃ[UTEJ=GHK[UHK[UTK[UE/GcGI¨[wTK[hZ=HKNs¨XJAHZ=E[ 2J=GIOPN^Z=ELMEHK[hZ=dPOPTYGIOPNTKJAdPM2GIOPJAE !ﬃtM2GHIZfGI¨[UH
GI¨[wTK[hZ=HKNs¨XJAHGI¨ﬀZfG [UNUMdPOeZ=Ht [U¨ﬀZhgﬃOPJAMHJ=XGI¨[STYVﬃTYGI[U{OBG­JAMdPL YEﬀZfGIMHIZ=dPdBV 
zGI[UELGIJ Z=TKTKM{R[
OPEGI¨[]Z=tTK[UENU[]J=XdP[UEo=GI¨5JAHyGIOP{R[STKNhZ=dP[UTU@









Z=EL HK[UHK[UTK[UE/GIT:Z1g=Z=dPMﬀZ=tdP[:tﬀZ=N oAHKJAMELXJAHSGI¨[ LOPTKNUMTKTKOPJAEﬂJ=XªGI¨[
oAHKJ.­GI¨J=XGI¨[SdPJ.­lGI[U{R [UHIZfGIMHK[¨ﬀZ=TK[wtMttdP[UTyLMHKOPEo NUJATK{RJAdPJAoAOPNhZ=d¨ﬀZ=TK[SGIHIZ=ETKOBGIOPJAETU@§¨[
{(Z=OPE HK[UTKMdBGIT(J=XSGI¨[vGI¨[UJAHYV¢J=XwNUdeZ=TKTKOPNhZ=dctMttdP[ L2VﬃEﬀZ={ROPNUT1Z=HK[vNUJAE/GsZ=OPE[UL<OPE<ZﬂEM{ t [UH(J=X
­JAHTL1©dP[UTKTK[3G Z=EL8©HKJATK [UHK[3GKGIO  ?_=kﬁﬀC! ©dP[UTKTK[3G Z=EL  ­cOPN   ?.mA}ﬁﬀC! ?.m2?*ﬀJ3^­c¨OPNs¨ HK[UHK[UTK[UE/G(Z
XMHYGI¨[UH:L[3gA[UdPJA{R[UE/GRJ=XZ XMELﬀZ={R[UE/GsZ=dyﬀZ= [UH:t/V a¬ZhVﬃdP[UOPoA¨  ?.m/ﬁﬀyMtdPOPTK¨[UL8OPEl?.k2?Łﬃ@ ﬂ[
­cOPdPdªJA{ROBGz¨[UHK[Z LOPTKNUMTKTKOPJAE J=XcGI¨[1TKJAdPM2GIOPJAET Z=EL TYGIHIZfGI[UoAOP[UT L[3gA[UdPJA [UL8OPE
JAHKL[UHzGIJ XJAdPdPJ.­
Z5NUdeZ=TKTKOPNhZ=dut JAOPdPOPEo1tMttdP[ 1TK[U[(©Z=E/GsZ=EJ
 ?_AŁﬃﬀC!Z=ELﬂac[""UJAdPdeZ  ?.mAqﬁﬀXJAH]Z5HK[3gﬃOP[3­3!;tM2GzOBG^OPT
OP{R JAHYGsZ=E/GGIJ^ JAOPE/G JAM2GGI¨ﬀZfGªZ=dPHK[hZ=L2Vz­cOBGI¨OPE ZwTKOP{RdP[yNUdeZ=TKTKOPNhZ=d2GIHK[hZfGI{R[UE/Gﬁ!AGI¨[c{RJ=GIOPJAE J=X GI¨[
g=Z= JAMH  FdPO,MOPL OPE/GI[UHYXZ=NU[(NhZ=E
t [UNUJA{R[([ ﬃGIHK[U{R[UdBVNUJA{RdPOPNhZfGI[UL­c¨[UE
GI¨[([ "[UN3GIT J=XgﬃOPTKNUJATKOBGFV
Z=EL {(Z=TKT:[ 2Ns¨ﬀZ=EoA[ Z=HK[GsZ=[UE OPE/GIJZ=NUNUJAME/G 1§¨[UJ=XZ=EMTR[3GRZ=d @  ?.qA}ﬁﬀC!©HKJATK [UHK[3GKGIO9 ?.m=ﬀJ3 @
CFE<GI¨[UTK[ NhZ=TK[UT"!cGI¨[ ¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d{RJﬃL[UdPT(NhZ=Elt [ TKOP{RdPO

[UL¢t/V<{(ZOPEo ZﬂEM{ t [UHJ=X
¨[UEJA{R[UEJAdPJAoAOPNhZ=dZ=TKTKM{R2GIOPJAET¬Z=t JAM2GyGI¨[^[  RNUOP[UEN3V5J=X;GI¨[^{(Z=TKTyGIHIZ=ETYX[UH¬Z=NUHKJATKTGI¨[w¨ﬀZ=TK[
OPE/GI[UHYXZ=NU[]­c¨OPNs¨ NhZ=E GI¨[UE t [zgA[UHKO

[UL t/V {R[hZ=ETSJ=X[ 2 [UHKOP{R[UE/GsZ=d{R[hZ=TKMHK[U{R[UE/GITU@STKOP{ROPdeZ=H
¨[UEJA{R[UEJAdPJAoAOPNhZ=dZ=HKJ/Z=Ns¨ ­cOPdPdt [MTK[UL Z=dPTKJOPE WﬃMtTK[UN3GIOPJAERﬃ@`_ﬃ@ mc­c¨[UHK[cZ¬TKMOBGsZ=tdP[[ MﬀZfGIOPJAE
XJAHyGI¨[wGIHIZ=ETYXJAHK{(ZfGIOPJAE1HIZfGI[]Z=NUHKJATKT¬Z MﬀZ=H ﬃ¨ﬀZ=LHKJAE ¨ﬀZ=TK[^OPE/GI[UHYXZ=NU[w­cOPdPdt [^L[

E[UL@
Wﬃ[UdBX TKOP{ROPdeZ=HcoAHKJ.­GI¨ J=X tMttdP[UTwOPE

HKTYGwJAHKL[UHSNUJATK{RJAdPJAoAOPNhZ=dGIHIZ=ETKOBGIOPJAET¨ﬀZ=TSt [U[UE NUJAE+ 
TKOPL[UHK[UL OPE dPOBGI[UHIZfGIMHK[^t J=GI¨ OPEvGI¨[zNhZ=TK[ J=X L[3GIJAEﬀZfGIOPJAEvXHKJAE/GITA1 WGI[UOPE¨ﬀZ=HKL2G; ?=mﬁﬀC! ﬀSVﬃMdeZ=TKTYVv[3G
Z=d @  f ﬀC!«Z=OPE[  /ﬁﬀJ3SZ=EL L[3nZ=oAHIZfGIOPJAE XHKJAE/GIT21 wMHO  YWﬃMJAEOPJ  A}ﬀC!  wMHO  YWﬃMJAEOPJZ=EL«Z=OPE[
 /_ﬁﬀC! vOPdPdP[UHwZ=ELﬂ©Z=E/GsZ=EJ ?A?.m8!?A?h ﬀJ3 @RiﬀJAHwtMttdP[ [ 2ﬀZ=ETKOPJAE !;TK[UdBXTKOP{ROPdeZ=H{RJ=GIOPJAE NhZ=EﬂZ=+ 
 [hZ=HyJAEdBV ­c¨[UEGI¨[StMttdP[SHIZ=LOPMTOPTTK{(Z=dPd [UEJAMoA¨TKJ GI¨ﬀZfGGI¨[UHK[wOPTEJ:OPE/GI[UHIZ=N3GIOPJAE(t [3GF­[U[UE
E[UOPoA¨t JAMHKOPEowtMttdP[UT"!tM2G deZ=HKoA[y[UEJAMoA¨RTKJwGI¨ﬀZfG TKMHYXZ=NU[GI[UETKOPJAE [ "[UN3GITªZ=HK[E[UoAdPOPoAOPtdP[=@§¨OPT





QegRSDQcTVORQc[UD_[  wN3_ d _ ^ﬁ)XDDXDXDd Qcj|jSDN3Dd[XYQ![_j OR_ ^ﬁ)3D_jSDQc[higRN3		
cn  n ﬀ
]v]r sMlB,|SD_bCS=TPgRQ	ZVT

N3Dg|XDDXDXDd Qcj|^1Ub]d QcTVORQc[,|_ ORSD_ ^ Tb]N1N3dŁi{~} V}_ ^=Tk^DN3gR(TPd j OCTVORQUD_[ 





t [UOPEo NUJAETKOPL[UHK[UL ¨[UHK[=@ TRZ HK[UTKMdBGﬁ! OBG:OPT MOBGI[TKM RNUOP[UE/GROPE JAHKL[UH GIJ JAt2GsZ=OPE TK[UdBXTKOP{ROPdeZ=H
TKJAdPM2GIOPJAETGIJzNUJAETKOPL[UHªJAEdBV:GI¨[¬TK [UNUOeZ=dHK[UdeZfGIOBgﬃOPTYGIOPNyXJAHK{ J=XGI¨[NUJAETK[UHYg=ZfGIOPJAE([ MﬀZfGIOPJAET 1 ?A@ mH3!





























































































} ,c? ,_LOPTYGIOPEoAMOPTK¨[UTuTKOBGIMﬀZfGIOPJAET;­cOBGI¨ deZ=EﬀZ=H"!AN3VﬃdPOPELHKO  
NhZ=dJAH¬TK¨[UHKOPNhZ=dTYVﬃ{R{R[3GIHYVA@yCGOPT¬EJ.­ NUJAE/gA[UEOP[UE/GSGIJROPE/GIHKJﬃLMNU[zZRTKOP{ROPdeZ=HKOBGFV g=Z=HKOeZ=tdP[S­c¨OPNs¨ !








































































































, 1 _ﬃ@ kH3
  B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,














OBG OPTª JATKTKOPtdP[yGIJzHK[3­cHKOBGI[c[ MﬀZfGIOPJAET 1 _ﬃ@ qH3  1 _ﬃ@ H3OPE GI¨[cXJAdPdPJ.­cOPEowTK[UdBXTKOP{ROPdeZ=HXJAHK{OPERTK¨[UHKOPNhZ=d
TYVﬃ{R{R[3GIHYV 1+'CB DB 
ﬃ


































































§¨[5LOP{R[UETKOPJAEdP[UTKT:TKOP{ROPdeZ=HKOBGFV g=Z=HKOeZ=tdP[  NhZ=E t [1gﬃOP[3­[UL¢[UOBGI¨[UH Z=T GI¨[5 JATKOBGIOPJAE J=XSZ




gA[UdPJﬃNUOBGFV5OPTcGIJ(t []NUdP[hZ=HKdBVLOPTYGIOPEoAMOPTK¨[ULvXHKJA{GI¨[]nﬀMOPL5gA[UdPJﬃNUOBGFV 5ZfG¬GI¨[z JAOPE/G¬L[UTKNUHKOPt [UL t/V
@u¦TK[UdBX$TKOP{ROPdeZ=HnﬀJ.­l­c¨OPNs¨1OPT dPOPE[hZ=HKdBV:[ 2ﬀZ=ELOPEo]­cOBGI¨RGIOP{R[ 1TKMNs¨5Z=T GI¨[JAE[¬JﬃNUNUMHKHKOPEo]XJAH
Z(oAHKJ.­cOPEo1tMttdP[ 3¬OPTEﬀZfGIMHIZ=dPdBVvL[UTKNUHKOPt [UL OPE GI[UHK{RTSJ=XªZ( JATKOBGIOBgA[zTKOP{ROPdeZ=HKOBGFV1g=Z=HKOeZ=tdP[  1+'CB DB


 } ,]? ﬀJ3 @zxJAE/gA[UHKTK[UdBV0!;Z(TK[UdBXªTKOP{ROPdeZ=HcNUJAE/GIHIZ=N3GIOPEo(nﬀJ.­ 1TKMNs¨ﬂZ=TGI¨[ JAE[:JﬃNUNUMHKHKOPEo(XJAHSZ=E
[3g=Z= JAHIZfGIOPEo:LHKJA 3yOPTL[UTKNUHKOPt [ULvOPEGI[UHK{RTJ=XE[Uo/ZfGIOBgA[wg=Z=dPM[UTcJ=X  1+'CB DB 

 *]? ,}ﬀJ3 @
 ¨[UE]TKJAdBgﬃOPEo[ MﬀZfGIOPJAET




*  Z=EL 

*  , 1 _ﬃ@B?h53
­c¨OPNs¨R¨ﬀZ=TGI¨[NUJAETK[ M[UENU[GI¨ﬀZfG OBGOPTJAEdBV E[UNU[UTKTIZ=HYV GIJ^TKJAdBgA[GI¨[U{OPE JAE[J=X GI¨[c¨ﬀZ=dBX  FdeZ=E[UT


 } , ? ﬀOPE JAHKL[UHcGIJ EJ.­ GI¨[]TKJAdPM2GIOPJAEvOPE5GI¨[]­c¨JAdP[]OPE/GI[UHYg=Z=d 

 *]? ,S? ﬀ

@CFE iOPoAMHK[UT
_ﬃ@B? 1ZH3SZ=EL 1t 3­[R¨ﬀZhgA[(dPJ=GKGI[UL GI¨[ HK[UTKMdBGIT]J=XyEM{R[UHKOPNhZ=duOPE/GI[UoAHIZfGIOPJAE J=Xy[ MﬀZfGIOPJAET 1 _ﬃ@B?A?/3
Z=EL 1 _ﬃ@B?_03 XJAHyGI¨[wXMEN3GIOPJAET *153Z=EL 5153 @

























} , 1 _ﬃ@B?03
&



















2HK[UTKTKOPJAE 1 _ﬃ@B?.qH3!­c¨OPNs¨ OPTZ=dPTKJRGI¨[zTK [UNUOeZ=d;HK[UdeZfGIOBgﬃOPTYGIOPNSXJAHK{ MdeZ:XJAHcgA[UdPJﬃNUOBGFVvNUJA{R J! 
TKOBGIOPJAE !2[ 2HK[UTKTK[UT¬GI¨[wXZ=N3GyGI¨ﬀZfGGI¨[wnﬀMOPL1gA[UdPJﬃNUOBGFV0!{R[hZ=TKMHK[ULvHK[UdeZfGIOBgA[GIJRZ=E5JAtTK[UHYgA[UH¬{RJ.gﬃOPEo
ZfG )![ MﬀZ=dPTGI¨[¬TK [U[UL(J=XTKJAMEL@ ¨/VﬃTKOPNhZ=d TKJAdPM2GIOPJAE XJAH  NhZ=EEJ=Gt [c[ ﬃGI[UEL[ULZ=NUHKJATKT GI¨[UTK[
 JAOPE/GIT"!ATKOPENU[OBG­JAMdPL GI¨[UE t [yLJAMtdP[g=Z=dPM[UL !/Z=EL ZSLOPTKNUJAE/GIOPEMOBGFVz{ MTYGt [yOPE/GIHKJﬃLMNU[UL@u§¨[
M [UHcHKOPoA¨/G MﬀZ=LHIZ=E/GcJ=XuiOPoAMHK[^_ﬃ@B? 1ZH3TK¨J.­cTcGI¨[wTKJAdPM2GIOPJAETyJ=XGI¨[^TKOP{ROPdeZ=HKOBGFV:[ MﬀZfGIOPJAETyXJAH
Z=E [ 2ﬀZ=ELOPEoTYVﬃTYGI[U{ 1TKMNs¨Z=TwZ(TK¨[UHKOPNhZ=dPdBVv[ 2ﬀZ=ELOPEo¨ﬀZ=LHKJAE tMttdP[TK[U[  wMHO  YWﬃMJAEOPJ
 A}ﬀC! vOPdPdP[UHZ=EL ©Z=E/GsZ=EJ  ?A?hﬀJ3 @zWﬃOP{ROPdeZ=HKdBV0!GI¨[:M [UHSdP[3X,GMﬀZ=LHIZ=E/G^TK¨J.­cTSGI¨[:[ MOBg=Z=dP[UE/G
TKJAdPM2GIOPJAETªXJAHyZzNUJAE/GIHIZ=N3GIOPEo TYVﬃTYGI[U{ 1TKMNs¨vZ=TZ=E1[3g=Z= JAHIZfGIOPEozTK¨[UHKOPNhZ=d MﬀZ=H(LHKJA2TK[U[^ac["  
UJAdPdeZ:[3GSZ=d @  ?.mAkﬁﬀJ3 @§¨[zdPJ.­[UH MﬀZ=LHIZ=E/GITHKJ.gﬃOPL[^GI¨[]NUJAHKHK[UTK JAELOPEo(TKJAdPM2GIOPJAETXJAHcE[Uo/ZfGIOBgA[




§¨[]JAEdBV(TK[UdBXTKOP{ROPdeZ=H nﬀJ.­ TKJAdPM2GIOPJAEOPEviOPoAMHK[UTc_ﬃ@B? 1ZH3yZ=EL 1t 3ª­c¨OPNs¨vNhZ=E5t [wGsZ=[UE5GIJ






@SE/V J=GI¨[UHSTKJAdPM2GIOPJAEv{ MTYGwt []GI¨[
HK[UTKMdBGwJ=XZ YﬀZfGINs¨OPEo 




9ﬂ@D B;=F @J=?>8@JF 7
1+'CB DB;­c¨[UHK[5GI¨[XMEN3GIOPJAE8OPT NUJAE/GIOPEMJAMT tM2GR¨ﬀZ=TRZ L[UHKOBg=ZfGIOBgA[5J=XTKJA{R[JAHKL[UH
­c¨OPNs¨ OPTSEJ=G^NUJAE/GIOPEMJAMT3!$JAHSgﬃOeZ1Z1XMdPdLOPTKNUJAE/GIOPEMOBGFV 1+'CB DB­c¨[UHK[:GI¨[ XMEN3GIOPJAE OBGITK[UdBXªOPTSEJ=G
NUJAE/GIOPEMJAMT3 @]§¨[

HKTYGwNhZ=EZ=dBVvOPE GI¨[ NhZ=TK[:J=X GI¨[ [ULoA[:J=XªZ1HIZ=HK[3XZ=N3GIOPJAE JAHSNUJA{RHK[UTKTKOPJAE
























[ULZfG^GI¨[ NU[UE/GIHK[ J=XªGI¨[ tMttdP[RZ=ELﬂZTKOP{ROPdeZ=H
HK[ MOPHK[U{R[UE/G:NUJAMdPL t [1{(Z=L[RXJAH]GI¨[ME [UHYGIMHKt [UL nﬀMOPLﬂXZ=H Zh­yZhVﬂXHKJA{jGI¨[1TKMHYXZ=NU[J=XGI¨[





t [ROPE/GIHKJﬃLMNU[ULﬂOPE GI¨[ROPE/GI[UHYg=Z=d 

 } ,R? ﬀZ=EL 4KMEN3GIOPJAENUJAELOBGIOPJAETwXJAHwGI¨[(NUJAETK[UHYg=ZfGIOPJAEJ=X
[UE[UHKo=V0!{RJA{R[UE/GIM{ Z=EL¢tﬀZ=HYVAJAE<EM{ t [UHRE[U[UL¢GIJt [vOP{R JATK[UL¢Z=NUHKJATKT1Z=E/V ­c¨OPNs¨lZ=HK[vEJ=G
­[hZ@
  B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,

) ﬁH-ﬃ '+./) A
1ZH3
1t 3
t\#D46/ﬁﬀ FH   TF16)(ﬂ#D16&:ﬀO1*-ﬂ>Jﬀ#(+?#()(@/#Dﬂ^~qﬁEF:@ﬂ#D16&:ﬀ!-01*/!ﬂ>cG*ﬁ)D1W75#Dﬂ^~   2:#(@4*/*+ j,n*&:2











 N@ﬂO*&,~ 46#DG*ﬁ& ﬂ#(+!*HS[\@/ﬂﬀC1*-ﬀﬃ16)(ﬂ#D16& 75/G*ﬁﬀC1*-2:#(@4*/*+ j,n;@/
:ﬀﬃﬁ2S#(&S7916&:ﬀﬃﬂﬃ/:79ﬂ#D16&L1*-ﬂ>;ﬀ#(+?#()(@/#Dﬂ^~!ﬀﬃ16)(ﬂ#D16&:ﬀgﬀ>1ed&S#(&St\#D46/ FH H >;ﬀﬃ16)(ﬂ#D16&:ﬀ-01*/ﬂ>
ﬁ&5/4*~ 2ﬁ&:ﬀ#Dﬂ^~q>:ﬁG*SQ.5ﬁ& ﬀ:#Dﬂ@Q=)D~ &1*/+?*)(#D'5ﬁ2 ﬂﬃ1 ﬂ>3G@*)(31*-ﬂ>3ﬁ&5/4*~ 2ﬁ&:ﬀ#Dﬂ^~ @ﬂOﬂ>
ﬀﬃ16&:#(7<.16#(&,ﬂ*&:2J791*//ﬁﬀﬃ<.16&:2Sﬂﬃ13ﬀﬃ16)(ﬂ#D16&:ﬀ#(&Sﬂ>C<:<.5/EF:*2/*&,ﬂﬀ1*-\2:#(@4*/*+ j,nH
=q   B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,

) ﬁH-ﬃ '+./)
TLOPTKNUMTKTK[ULZfGdP[UEo=GI¨ OPE WﬃMtTK[UN3GIOPJAET ?A@ m2@B?0!?A@`_ﬃ@`_RZ=EL
?A@ m2@ m-!­[hZvL[3nZ=oAHIZfGIOPJAETZ=HK[
MEL[UHKL[3GI[UHK{ROPE[UL¢HK[hZ=N3GIOPJAE8XHKJAE/GIT XJAH:­c¨OPNs¨<Z XMHYGI¨[UH [ MﬀZfGIOPJAE !MTKMﬀZ=dPdBV [UTYGsZ=tdPOPTK¨OPEo GI¨[
{RJ=GIOPJAEJ=XcOPE/GI[UHYXZ=NU[(OPEGI[UHK{RTzJ=XGI¨[(dPJﬃNhZ=dnﬀMOPLﬂNUJAELOBGIOPJAET"!uE[U[ULTzGIJ t [(HKJ.gﬃOPL[UL@ QSJAOPEo
GI¨OPTRHK[UTYGIHKOPN3GITRGI¨[ Z=EﬀZ=dBVﬃTKOPT GIJGI¨JATK[ TKOBGIMﬀZfGIOPJAET:XJAH ­c¨OPNs¨lZHK[hZ=TKJAEﬀZ=tdP[$EJ.­cdP[ULoA[ J=XSGI¨[
HKJA [UHYGIOP[UTzJ=XyGI¨[(OPE/GI[UHYXZ=NU[([ 2OPTYGITU@ iﬀJAHzZ NUJATK{RJAdPJAoAOPNhZ=d

HKTYG JAHKL[UHz¨ﬀZ=TK[(GIHIZ=ETKOBGIOPJAE !GI¨[UHK[
Z=HK[Z]EM{ t [UHJ=X­yZhVﬃTyJ=XZ=NUNUJA{RdPOPTK¨OPEowGI¨OPT  DB ŁB/[UOBGI¨[UHªt/V({R[hZ=ETªJ=X$[UE[UHKo=V nﬀMﬃ1Z=NUHKJATKTªGI¨[
¨ﬀZ=TK[cOPE/GI[UHYXZ=NU[ 1 vOPdPdP[UHuZ=ELR©Z=E/GsZ=EJ  ?A?.mﬁﬀJ3!JAHut/V:MTKOPEo]ZwﬀZ=HIZ={R[3GI[UHuHK[UdeZfGI[UL:GIJwGI¨[[UE/GIHKJA/V
HKJﬃLMN3GIOPJAE Z=NUHKJATKTGI¨[yXHKJAE/G1CFoAEﬀZfGIOPMTu[3GªZ=d @  q2?*ﬀJ3 ﬀZ=EL:GI¨[3V ­cOPdPdﬃt [LOPTKNUMTKTK[UL(OPE:{RJAHK[yL[3GsZ=OPd
OPEWﬃMtTK[UN3GIOPJAEﬂﬃ@`_ﬃ@ m2@ ¨ﬀZfGwOPTSHK[UdP[3g=Z=E/GSXJAHGI¨[:HK[UTK[UE/G]LOPTKNUMTKTKOPJAE OPTGI¨ﬀZfGwOBGwOPTOPE HKOPENUOPdP[
 JATKTKOPtdP[GIJL[

E[ Z HK[UdeZfGIOPJAE t/V {R[hZ=ET J=X­c¨OPNs¨ GI¨[5gA[UdPJﬃNUOBGFV J=XS¨ﬀZ=TK[vOPE/GI[UHYXZ=NU[vNhZ=E t [
TK [UNUO





OBGwOPTSGI¨[UE  JATKTKOPtdP[zGIJ5JAt2GsZ=OPE GI¨[ ­c¨JAdP[:JAE[  FﬀZ=HIZ={R[3GI[UHXZ={ROPdBVvJ=XªTKJAdPM2GIOPJAETXJAH^Z1TK¨[UHKOPNhZ=d
­[hZ L[3nZ=oAHIZfGIOPJAE !
1TKJA{R[:J=X­c¨OPNs¨ﬂZ=HK[ HK[UTK[UE/GI[UL














GIJ ZvXZ=TYGI[UH:oAHKJ.­cOPEo tMttdP[ 1LﬀZ=TK¨[UL8dPOPE[ 3 @  OBGI¨OPE
Z NUJATK{RJAdPJAoAOPNhZ=d
NUJAE/GI[ ﬃGﬁ! 1TK[U[ Wﬃ[UN3GIOPJAE @ mH3!GI¨[LO#"[UHK[UE/G TKMtTKJAEOPN5L[3nZ=oAHIZfGIOPJAETz­JAMdPL8t [HKJﬃLMNU[UL¢Z=T Z





HKTYGªNhZ=TK[yGI¨[cHK[UNUJA{RHK[UTKTKOPJAE TK¨JﬃN zXHKJAE/G¨ﬀZ=Tug=Z=EOPTK¨+ 
OPEoAdBV:TK{(Z=dPd Z={RdPOBGIML[cZ=EL1[ "[UN3GIOBgA[UdBV(t [U¨ﬀZhgA[UTZ=TyZ^­[hZRLOPTKNUJAE/GIOPEMOBGFVR{RJ.gﬃOPEozZfGGI¨[dPJﬃNhZ=d
TKJAMELvTK [U[UL  yZ=TcTK[U[UEvXHKJA{ GI¨[^NUJﬃJAHKLOPEﬀZfGI[SXHIZ={R[E1+'CB DB2XHKJA{ GI¨[^NU[UE/GIHK[]J=X;GI¨[^tMttdP[ 3 @
§¨[HKOPoA¨/GLOeZ=oAHIZ={ HK[3X[UHKTGIJwZTKM [UHKTKJAEOPNyL[3nZ=oAHIZfGIOPJAE 1NUJAE/GIOPEMJAMTudPOPE[ 3$Z=EL ZL[3GIJAEﬀZ  
GIOPJAE 1LJ=GKGI[UL5dPOPE[ 3 OPTyTK¨J.­cE5XJAHyNUJA{RﬀZ=HKOPTKJAE@T{R[UE/GIOPJAE[ULOPEvWﬃMtTK[UN3GIOPJAE ?A@`_ﬃ@`_8!TKM [UHKTKJAEOPN
L[3nZ=oAHIZfGIOPJAET NhZ=E8GsZ=[ deZ=NU[­c¨[UE GI¨[vTYGIHK[UEo=GI¨¢J=XGI¨[vHK[UNUJA{RHK[UTKTKOPJAE TK¨JﬃN  XHKJAE/GROPTRZ
HIZfGI¨[UHcdeZ=HKoA[^Z=ELvOPEGI¨OPTcNhZ=TK[^GI¨[^L[3nZ=oAHIZfGIOPJAE5TKJAdPM2GIOPJAE5NhZ=Ev[3gA[UE TK{RJﬃJ=GI¨dBV1{R[UHKoA[w­cOBGI¨GI¨[
L[3GIJAEﬀZfGIOPJAE5JAE[]Z=TyGI¨[^TYGIHK[UEo=GI¨ J=X;GI¨[^TK¨JﬃN OPENUHK[hZ=TK[UTU@
1QeQ 1QcbMOR_ N3^ U uhiN3gﬂT[Q]\U^D_ OR_ N3^NPh ORSDQ [Q)3gRQeQNPhj

QegCb]N1N3d _ ^ﬁ)
  B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,









subsonic deflagration supersonic deflagration
v





NVZ1_ ^ﬁ)!T3j ,wQcT 4u[Q]YT )3gCTVOR_ N3^Uje 5SDQ|SDQcTZ1f!Z3QegOR_beTPdd _ ^DQcjŁjSDN,ORSDQ

N*j_ OR_ N3^NPhYORSDQ





gRNP\Ud Qcj2gRQedTVOR_ Z3Q=ORNTZ3QegRf`jd N, yb]N3^*OR_ ^1DN3Ujd _ ^DQ
TP^U[ORN+T;hyT3j ORQeg)3gRN,|_ ^ﬁ);XDDXDXDd Qmy[DT3jSDQc[`d _ ^DQM 5SDQ gR_ )3S*O[_T )3gCTPgRQ]hiQegCjORN
T j

QegCjN3^D_b2[Q]YT )3gCTVOR_ N3^$yb]N3^*OR_ ^1DN3Ujud _ ^DQkTP^U[TW[Q]ORN3^UTVOR_ N3^ y[NPOORQc[d _ ^DQ _j
jSDN,|^ hiN3g!b]N3






ORSDQUN,,wN3gRd[d _ ^DQcje 
¬J=GI[¬Z=dPTKJ^GI¨[¬Z= [hZ=HIZ=ENU[¬J=X$ZwHIZ=HK[3XZ=N3GIOPJAE:­yZhgA[¬XJAdPdPJ.­cOPEoSGI¨[¬TKM [UHKTKJAEOPNcL[3nZ=oAHIZfGIOPJAE
XHKJAE/Gﬁ!A­c¨JATK[cGsZ=OPd2t [U¨ﬀZhgA[UTyZ=TªZS­[hZ LOPTKNUJAE/GIOPEMOBGFV Z=EL:­c¨JATK[¬HK[UTK[UENU[OPTE[UNU[UTKTIZ=HYV OPE JAHKL[UH
GIJHKJﬃLMNU[:Z1TKMtTKJAEOPN nﬀJ.­9t [U¨OPEL GI¨[ XHKJAE/Gh@ OBGI¨OPE Z(NUJATK{RJAdPJAoAOPNhZ=dNUJAE/GI[ ﬃGﬁ!TKM [UHKTKJAEOPN
L[3nZ=oAHIZfGIOPJAET Z=EL(L[3GIJAEﬀZfGIOPJAETHK[ MOPHK[Z^deZ=HKoA[UHL[UoAHK[U[¬J=XTKM [UHKNUJﬃJAdPOPEo^J=X GI¨[¬¨OPoA¨:GI[U{R [UHIZ  
GIMHK[c¨ﬀZ=TK[cGI¨ﬀZ=E GI¨[¬JAE[cE[UNU[UTKTIZ=HYV XJAH TKMtTKJAEOPNcL[3nZ=oAHIZfGIOPJAETU@uCGªOPT OPE/GI[UHK[UTYGIOPEowGIJ]MEL[UHKdPOPE[
GI¨ﬀZfGGI¨[ TK[UdBX TKOP{ROPdeZ=HTKJAdPM2GIOPJAETcXJAH¬GI¨[z[UE[UHKo=V L[UETKOBGFV NUdPJATK[UdBVvHK[UTK[U{ tdP[]GI¨[ JAE[UTSHK[UTK[UE/GI[UL
XJAHuGI¨[cnﬀMOPL gA[UdPJﬃNUOBGFV0!A­cOBGI¨ GI¨[¬JAEdBV LO#"[UHK[UENU[¬t [UOPEo]oAOBgA[UERt/V LO#"[UHK[UE/G g=Z=dPM[UT J=XGI¨[c[UE[UHKo=V
L[UETKOBGFV ZfG^GI¨[ NU[UE/GIHK[ J=XªGI¨[ LHKJAﬂZ=ELOPE GI¨[ ME [UHYGIMHKt [ULnﬀMOPLXJAHSGI¨OPTwHK[hZ=TKJAE GI¨[3V Z=HK[
EJ=GcHK[U JAHYGI[ULv¨[UHK[=@
§¨[ﬂ[ 2OPTYGI[UENU[
Z=EL HKJA [UHYGIOP[UTvJ=XzGI¨[TK[UdBX:TKOP{ROPdeZ=H(TKJAdPM2GIOPJAET5LOPTKNUMTKTK[UL TKJ XZ=HXJAH Z





=   B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,

) ﬁH-ﬃ '+./)
JAE[SJ=X$GI¨[S JAOPE/GITLOPTKNUMTKTK[UL5OPEx¨ﬀZ=2GI[UHKT:Z=EL5q]­c¨[UHK[­[S­cOPdPd Z=dPTKJzgA[UHKOBX,V ­c¨[3GI¨[UHyGI¨[STK[UdBX
TKOP{ROPdeZ=HªTKJAdPM2GIOPJAET 1,­c¨OPNs¨ Z=HK[^{(ZfGI¨[U{(ZfGIOPNhZ=dPdBV  JATKTKOPtdP[ 3Z=HK[^HK[hZ=dPOPTK[UL5OPE5HIZ=N3GIOPNU[=@
`  6`<*8 6$)  ) *9; /4 #& !"$# 4 ﬁ 9 )1'0 "8 9 -/ !" 
§¨[TK[UdBXTKOP{ROPdeZ=HTKJAdPM2GIOPJAE^XJAH;ZcNUJAE/GIHIZ=N3GIOPEoZ=ELz[3g=Z= JAHIZfGIOPEocLHKJA Z=HK[ªHIZ=LOPNhZ=dPdBVLO#"[UHK[UE/G;XHKJA{
GI¨[:JAE[UTwLOPTKNUMTKTK[ULOPE GI¨[:HK[3gﬃOPJAMTwTK[UN3GIOPJAE XJAHwZ=E [ 2ﬀZ=ELOPEo5tMttdP[=@]§¨[:E[3­9t JAMELﬀZ=HYV




TKJAdPM2GIOPJAETXJAHcZ HK[UdeZfGIOBgﬃOPTYGIOPN[3g=Z= JAHIZfGIOPEo:LHKJA­[UHK[^HK[UTK[UE/GI[UL OPEvZ:HK[UNU[UE/G¬ﬀZ= [UHt/V5ac[""UJAdPdeZ
[3GwZ=d @  ?.mAk8!?h_ﬁﬀZ=EL ¨ﬀZhgA[ t [U[UE deZfGI[UHcNUJAE

HK{R[UL Z=dPTKJRt/VvJ=GI¨[UHSZ=M2GI¨JAHKT 1 wMHO  YWﬃMJAEOPJRZ=EL
«Z=OPE[
 AmﬀJ3 @ dPTKJ
OPE¢GI¨[ NhZ=TK[ J=X^LHKJAlNUJAE/GIHIZ=N3GIOPJAE !­[ [ 2 [UN3GGI¨ﬀZfGTK[UdBX^TKOP{ROPdeZ=H {RJ=GIOPJAE
TK¨JAMdPL TK[3GSOPEv­c¨[UE GI¨[zLHKJA HIZ=LOPMT¬OPTcHK[hZ=TKJAEﬀZ=tdBVvTK{(Z=dPdP[UHyGI¨ﬀZ=EvGI¨[z{R[hZ=EvLOPTYGsZ=ENU[ Z={RJAEo
E[UOPoA¨t JAMHKOPEo^LHKJAT TKJ^GI¨ﬀZfGªJAE[cNhZ=ERE[UoAdP[UN3GGI¨[¬OPE/GI[UHIZ=N3GIOPJAE Z={RJAEowGI¨[U{L!/tM2GªdeZ=HKoA[[UEJAMoA¨
TKJ GI¨ﬀZfGcTKMHYXZ=NU[^GI[UETKOPJAE5[ "[UN3GITZ=HK[^E[UoAdPOPoAOPtdP[=@
T{R[UE/GIOPJAE[ULvOPEvGI¨[]HK[3gﬃOPJAMT¬TK[UN3GIOPJAE ! OPE5GI¨[zNhZ=TK[]J=X ZRNUJAE/GIHIZ=N3GIOPEoRTYVﬃTYGI[U{L! ­[zE[U[UL
GIJ NUJAETKOPL[UH:TKJAdPM2GIOPJAET J=XcGI¨[5TK[UdBX¬TKOP{ROPdeZ=H][ MﬀZfGIOPJAETL1 _ﬃ@B?A?/3zZ=EL 1 _ﬃ@B?_03][ 2HK[UTKTK[UL¢OPE GI[UHK{RT
J=X¬E[Uo/ZfGIOBgA[1g=Z=dPM[UT J=XcGI¨[1TKOP{ROPdeZ=HKOBGFV g=Z=HKOeZ=tdP[ @ CXc­[­[UHK[1GIJ Z=LJA2G Z
; D,@JF @ 
	]GIOP{R[(NUJ! 
JAHKLOPEﬀZfGI[R­[(­JAMdPL
GI¨[UE t [(XJAHKNU[ULﬂGIJ L[UTKNUHKOPt [1GI¨[(¨/VﬃTKOPNhZ=dyTYVﬃTYGI[U{ OPEﬂGI[UHK{RTzJ=XcE[Uo/ZfGIOBgA[






GI[UELOPEo GIJ U[UHKJ Z=T]GI¨[1HIZ=LOPMT
















­JAMdPL({(Z=H !OPE(Z=EﬀZ=dPJAo=Vz­cOBGI¨R­c¨ﬀZfGTK[U[UE(XJAHªZ^tMttdP[ﬂ!GI¨[¬ JATKOBGIOPJAE J=XGI¨[







T:XJAH oAHKJ.­cOPEo tMttdP[UT"!ªTK[UdBX¬TKOP{ROPdeZ=H]TKJAdPM2GIOPJAET]XJAH:Z NUJAE/GIHIZ=N3GIOPEo LHKJA8{RJ.gﬃOPEo Z=T Z
­[hZvL[3nZ=oAHIZfGIOPJAEvNhZ=E t []XJAMEL JAEdBVvZfX,GI[UHSZ XMHYGI¨[UH[ MﬀZfGIOPJAE ! [UTYGsZ=tdPOPTK¨OPEo GI¨[z{RJ=GIOPJAE5J=X






NUJAE/GIOPEMJAMTuTKJAdPM2GIOPJAEzJ=X[ MﬀZfGIOPJAET 1 _ﬃ@B?A?/3;Z=EL 1 _ﬃ@B?_03$HKJ.gﬃOPL[GI¨[ª­c¨JAdP[yJAE[  FﬀZ=HIZ={R[3GI[UHXZ={ROPdBV
J=XTK[UdBXTKOP{ROPdeZ=H¬TKJAdPM2GIOPJAETU@ ¬J=GIOPNU[ﬂ!¨J.­[3gA[UH"!;GI¨ﬀZfGwXJAH^Z=E [3g=Z= JAHIZfGIOPEoLHKJA GI¨[ L[3nZ=oAHIZfGIOPJAE
XHKJAE/G OPTz{RJ.gﬃOPEovOPE/­yZ=HKLT:Z=EL
TK¨[UHKOPNhZ=dTYVﬃ{R{R[3GIHYV GIJAoA[3GI¨[UH]­cOBGI¨ﬂGI¨[(HK[ MOPHK[U{R[UE/G XJAH^GI¨[
XHKJAE/GRGIJt [vTKMtTKJAEOPNﬂ!yOP{R JATK[GI¨ﬀZfG GI¨[vJAEdBV  JATKTKOPtdP[5TYGsZfGI[ Z=¨[hZ=L¢J=XSOBGROPT JAE[5­cOBGI¨ U[UHKJ
gA[UdPJﬃNUOBGFVvZ=EL NUJAETYGsZ=E/GwL[UETKOBGFVvTKOPENU[^GI¨[zJAEdBV5TK[UdBXTKOP{ROPdeZ=HTKJAdPM2GIOPJAEvTIZfGIOPTYX,VﬃOPEo GI¨[zNUJAELOBGIOPJAE
  B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,






} OPTyGI¨[^GIHKOBgﬃOeZ=dJAE[=@ NUJAETK[ M[UENU[:J=X;GI¨OPTcOPTGI¨ﬀZfG¬OBG¬OPTEJ(dPJAEoA[UH JATKTKOPtdP[wGIJ
OPE/GIHKJﬃLMNU[:Z1HK[UNUJA{RHK[UTKTKOPJAE TK¨JﬃN  Z=¨[hZ=L J=X GI¨[:L[3nZ=oAHIZfGIOPJAE XHKJAE/Gh@^§¨OPTwOPTwZ=E OP{R JAHYGsZ=E/G
EJ.gA[Ud$X[hZfGIMHK[]Z=ELv JAOPE/GITJAM2GcGI¨ﬀZfGcGI¨[UHK[]Z=HK[
>ﬂF ? ; D,F
GF­JRLOPTKNUJAE/GIOPEMOBGIOP[UTOPEGI¨[^TK[UdBXuTKOP{ROPdeZ=H
TKJAdPM2GIOPJAE1XJAHcZ:NUJAE/GIHIZ=N3GIOPEo LHKJA@ §¨OPTOPT MOBGI[wLO#"[UHK[UE/GcXHKJA{ ­c¨ﬀZfG¬TK[U[UEvXJAHyGI¨[^TKJAdPM2GIOPJAEJ=X





§¨[(OP{R JATKTKOPtOPdPOBGFV J=X¨ﬀZhgﬃOPEo ZvHK[UNUJA{RHK[UTKTKOPJAE
TK¨JﬃN  XJAHzZvTKMtTKJAEOPN(LHKJA
OPT]ﬀZ=HYGIOPN  
MdeZ=HKdBV [3gﬃOPL[UE/G ­c¨[UE dPJﬃJ OPEovZfG]GI¨[1M [UHzdP[3X,G&MﬀZ=LHIZ=E/GIT J=XyGI¨[(LOeZ=oAHIZ={RT^OPE
iOPoAMHK[1_ﬃ@B?A@







HKTYG^L[UHKOBg=ZfGIOBgA[UT	zZ=EL OBXGI¨[:L[3nZ=oAHIZfGIOPJAE XHKJAE/Gw¨ﬀZ=TSGIJt [ TKMtTKJAEOPN:HK[UdeZfGIOBgA[zGIJ1GI¨[




 3GI¨[¬JAEdBV: JATKTKOPtdP[TKJAdPM2GIOPJAERZ=¨[hZ=LRJ=XOBG OPTuGI¨[cGIHKOBgﬃOeZ=d
JAE[=@ LOPTKNUJAE/GIOPEMOBGFVvNUJAHKHK[UTK JAELOPEo(GIJRGI¨[ TKMtTKJAEOPNzL[3nZ=oAHIZfGIOPJAEvXHKJAE/GSNhZ=E t [zOPE/GIHKJﬃLMNU[UL
ZfGzGI¨[1LHKJA
TKMHYXZ=NU[ﬂ! Z=EL
GI¨OPTzNhZ=EﬂGI¨[UE t [1TKMOBGsZ=tdBV 4KJAOPE[UL
JAE/GIJ GI¨[1HK[UdP[3g=Z=E/G:TK[UdBXcTKOP{ROPdeZ=H
TKJAdPM2GIOPJAEzNUMHYgA[yXJAH;GI¨[ªnﬀJ.­ t [U¨OPEL:OBGh@;CFE GI¨OPTNhZ=TK[ﬂ!1,­c¨OPNs¨ OPT;GI¨[y¨/VﬃTKOPNhZ=dPdBV]OPE/GI[UHK[UTYGIOPEoSJAE[ 3!








nﬀMOPLGI¨ﬀZfG­yZ=T¬Z=NUNU[UdP[UHIZfGI[UL Z=EL5[ 2ﬀZ=EL[UL t/V1GI¨[^L[3nZ=oAHIZfGIOPJAE1XHKJAE/G¬OPTyHKJAoAHK[UTKTKOBgA[UdBVTKdPJ.­[UL
LJ.­cEvME/GIOPd$OBGOPT[3gA[UE/GIMﬀZ=dPdBV1GsZ=[UEvGIJ HK[UTYGZfGcGI¨[^NUJAE/GIHIZ=N3GIOPEo TKJAEOPNwHIZ=LOPMTU@
dBGI¨JAMoA¨zEJ=GuTK[UdBX[3gﬃOPL[UE/Gﬁ!=GI¨[yTKJAdPM2GIOPJAE^XJAHGI¨[y{R[ULOPM{ t [U¨OPEL:ZLHKJA TKMHYXZ=NU[{RJ.gﬃOPEo
Z=TzZ5L[3nZ=oAHIZfGIOPJAE XHKJAE/GzOPT^[ "[UN3GIOBgA[UdBV HK[UHK[UTK[UE/GI[UL t/VﬂZvNUJA{RHK[UTKTKOPJAE ­yZhgA[=@5§¨OPT]OPT^LM[RGIJ
GI¨[cXZ=N3G GI¨ﬀZfGZwnﬀMOPLR[UdP[U{R[UE/GªNUHKJATKTKOPEo^GI¨[¬L[3nZ=oAHIZfGIOPJAE:XHKJAE/GOPTTYGIHKJAEoAdBV:L[UNUJA{RHK[UTKTK[UL1XHKJA{
OBGITJAHKOPoAOPEﬀZ=dTYGsZfGI[ﬂ!tM2G^OBGSOPTTKMtTK[ M[UE/GIdBV HKJAoAHK[UTKTKOBgA[UdBV NUJA{RHK[UTKTK[ULM GIJ1GI¨[zg=Z=dPM[ OPE GI¨[
ME [UHYGIMHKt [UL¢nﬀMOPL<Z=TROBG({RJ.gA[UT1Zh­yZhV8XHKJA{ GI¨[vXHKJAE/Gh@lyG(GI¨[vTKJAEOPNvHIZ=LOPMT"!GI¨[ TKJAdPM2GIOPJAE
4KJAOPET 1,gﬃOeZ Z ­[hZLOPTKNUJAE/GIOPEMOBGFV)3JAE/GIJ(Z=EJ=GI¨[UHcJAE[S­cOBGI¨LU[UHKJ gA[UdPJﬃNUOBGFVZ=ELvNUJAETYGsZ=E/G¬[UE[UHKo=V
L[UETKOBGFV0!­cOBGI¨vGI¨[^g=Z=dPM[]J=XGI¨[zdeZfGKGI[UHcNUJAOPENUOPLOPEo:­cOBGI¨5GI¨[ztﬀZ=N oAHKJAMEL g=Z=dPM[^J=XuGI¨[]HK[hZ=N3GI[UL
nﬀMOPL@uTZ]HK[UTKMdBGﬁ!ﬃGI¨[TKJAEOPNHIZ=LOPMTNhZ=E1t [GI¨JAMoA¨/GyJ=XZ=TGIHIZ=NUOPEo]GI¨[[ULoA[SJ=XGI¨[S [UHYGIMHKt [UL
nﬀJ.­ HK[UoAOPJAEvZfG¬Z=E/VoAOBgA[UE5GIOP{R[=@











1,­[hZ-3:L[3nZ=oAHIZfGIOPJAE@ CFE<Z=dPdJ=XGI¨[5LOeZ=oAHIZ={RT"!GI¨[5¨[hZhgV dPOPE[UT:TK¨J.­GI¨[5 JATKOBGIOPJAET:J=X¬GI¨[
L[3nZ=oAHIZfGIOPJAE1XHKJAE/GITU@

5SD_jbeTP^ XYQkQcT3j_ d f

gRNVZ3Qc[X1f=jN3d Z1_ ^ﬁ)Q(F*UTVOR_ N3^   3|_ ^ ORSDQkd N, Z3Qed Nb]_ O fd _ _ O 







d Q ,5TZ3Qk_j![Q]\U^DQc[;T3j!TgRQ)3_ N3^WNPhORSDQUN, _ ^ ,|SD_bCSWO#,wNNPhwORSDQkORSDgRQeQ |_ Qe(TP^D^ _ ^1ZVTPgR_TP^*OCjTPgRQ







gRQcjRj_ N3^,5TZ3Qcj	 .N3DgCTP^*OﬂTP^U[ 0DgR_ Qc[gR_bCSUj  iM













− ξ − ξ
− ξ − ξ



















NVZ1_ ^ﬁ) T3j T [Q]YT )3gCTVOR_ N3^I 5SDQ(O#,wN=
D
Qegk[_T )3gCTP(j!jSDN, ORSDQ2Z3Qed Nb]_ O f TP^U[;Qe^DQegA)3f [Qe^Uj_ O f

gRNP\Ud Qcjez ,|_ ORSORSDQﬂb]N3^*OR_ ^1DN3Uj d _ ^DQcj?gRQ]hiQegRgR_ ^ﬁ)	ORN!T!jDXUjN3^D_b8,wQcT 4D [Q]YT )3gCTVOR_ N3^kTP^U[uORSDQﬂ[DT3jSDQc[
d _ ^DQcj	ORNTj











QcbMOR_ Z3Qed f3 A^TPd dNPh|ORSDQ[_T )3gCTP(jez ORSDQ2SDQcTZ1f d _ ^DQcjujSDN, ORSDQ

N*j_ OR_ N3^Uj NPh5ORSDQ
[Q]YT )3gCTVOR_ N3^(higRN3^*OCje?LﬂNPORQORSUTVO5ORSDQ![DT3jSDQc[2d _ ^DQb]DgRZ3Qcj_ ^ORSDQ
D
Qeg|[_T )3gCTP(jgRQ]hiQegORNkORSDQjQed h
j_ _ dTPg!jN3d OR_ N3^WhiN3g!Tj








,wN3Dd[XYQ!_[Qe^*OR_beTPd ORNkORSDQ N3^DQcj|jSDN,|^_ ^ORSDQ!
D
QegﬂgR_ )3S*Oﬂ[_T )3gCTP hiN3g5ORSDQ
Qe^DQegA)3f[Qe^Uj_ O f3
  B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,






­JAMdPL t [ MﬀZ=dPOBGsZfGIOBgA[UdBV5OPL[UE/GIOPNhZ=d
GIJRGI¨[ JAE[UTTK¨J.­cE OPEvGI¨[zM [UHSHKOPoA¨/GLOeZ=oAHIZ={ XJAH¬GI¨[z[UE[UHKo=V L[UETKOBGFV Z=EL XJAHcGI¨OPTHK[hZ=TKJAE
GI¨[3V5Z=HK[^EJ=GcHK[U JAHYGI[ULv¨[UHK[=@
CG OPTzOPE/GI[UHK[UTYGIOPEo GIJ EJ=GIOPNU[RGI¨ﬀZfGzGI¨[1dPOP{ROBGsZfGIOPJAETSLOPTKNUMTKTK[UL8Z=t J.gA[(XJAH]GI¨[1HK[UTK[UENU[J=X
Z1HK[UNUJA{RHK[UTKTKOPJAE TK¨JﬃN  Z=¨[hZ=L J=XZ1NUJAE/GIHIZ=N3GIOPEoTKMtTKJAEOPN L[3nZ=oAHIZfGIOPJAE XHKJAE/G^LJEJ=G]Z=dBV





GI¨OPT NhZ=TK[ﬂ!2OPE:XZ=N3Gﬁ!GI¨[¬TKM [UHKTKJAEOPN¬L[3nZ=oAHIZfGIOPJAE XHKJAE/GªNhZ=E(t [¬HK[UNU[UL[UL1t/V(Z=EJ=GI¨[UHªTKM [UHKTKJAEOPN
tM2GTKdPJ.­[UH¬HK[UNUJA{RHK[UTKTKOPJAE TK¨JﬃN XHKJAE/G¬­cOBGI¨5GI¨[ 4KJAOPEvt [3GF­[U[UE GI¨[^GF­J(t [UOPEoRoAOBgA[UE t/V5GI¨[
NUJAE/GIOPEMJAMTcTKJAdPM2GIOPJAETJ=X[ MﬀZfGIOPJAET 1 _ﬃ@B?A?/3Z=EL 1 _ﬃ@B?_03 @
§¨[]nﬀMOPL Z=¨[hZ=L J=XuGI¨[zHK[UNUJA{RHK[UTKTKOPJAE TK¨JﬃN vZ=T¬­[UdPd;Z=T¬GI¨[]nﬀMOPL t [U¨OPELvGI¨[zTKM [UH  
TKJAEOPNL[3nZ=oAHIZfGIOPJAE XHKJAE/G­JAMdPL:GI¨[UERt [cZfG HK[UTYG ­cOBGI¨:NUJAETYGsZ=E/GªtM2GªLO#"[UHK[UE/G [UE[UHKo=V:L[UETKOBGIOP[UTU@
TªZwHK[UTKMdBGﬁ!TKJAdPM2GIOPJAETXJAHTKM [UHKTKJAEOPN¬[3g=Z= JAHIZfGIOPEowLHKJAT NhZ=E t [cNUJAETYGIHKMN3GI[UL(JAM2GªJ=XL[3nZ=oAHIZ  
GIOPJAEv­yZhgA[UTU@zWﬃ[UdBX TKOP{ROPdeZ=HTKJAdPM2GIOPJAETcXJAH¬LHKJATS{RJ.gﬃOPEo1Z=TSTKM [UHKTKJAEOPN L[3nZ=oAHIZfGIOPJAET¬HK[UHK[UTK[UE/G





GI¨OPT §¨[UTKOPTU@ WﬃMNs¨8TKJAdPM2GIOPJAET Z=HK[TK¨J.­cE8OPE
GI¨[
M [UHcLOeZ=oAHIZ={RTyJ=XuiOPoAMHK[^_ﬃ@ m:­c¨[UHK[wGI¨[3VvZ=HK[wHK[UTK[UE/GI[UL ­cOBGI¨GI¨[^LﬀZ=TK¨[UL dPOPE[SNUMHYgA[UTU@
CGwOPTOP{R JAHYGsZ=E/GcGIJ1MEL[UHKdPOPE[]GI¨ﬀZfGwTKOPENU[zGI¨[]nﬀMOPL t [U¨OPEL GI¨[ L[3nZ=oAHIZfGIOPJAEvXHKJAE/GwOPTSZfG
HK[UTYGHK[UdeZfGIOBgA[GIJzGI¨[wNUJﬃJAHKLOPEﬀZfGI[¬XHIZ={R[A1+'CB DBHK[UdeZfGIOBgA[¬GIJ GI¨[SNU[UE/GIHK[^J=X$GI¨[wLHKJA 3ªZ=EL5TKOPENU[GI¨[
deZfGKGI[UHwOPT^TKM [UHKTKJAEOPNROPE GI¨[RTIZ={R[:XHIZ={R[ﬂ!$GI¨[ nﬀMOPL t [U¨OPELGI¨[ L[3nZ=oAHIZfGIOPJAE XHKJAE/Gz{RJ.gA[UTzZfG








GI¨[TKJAdPM2GIOPJAE J=XZSTKM [UHKTKJAEOPNcL[3nZ=oAHIZfGIOPJAE:LHKJA:­JAMdPL:[ "[UN3GIOBgA[UdBV:NUJAHKHK[UTK JAEL GIJ^ZwTKM [UHKTKJAEOPN
TYGIHKJAEoL[3nZ=oAHIZfGIOPJAE ­c¨OPNs¨ !¨J.­[3gA[UH"!NhZ=EEJ=G(t [5HK[hZ=dPOU[UL8OPE8HIZ=N3GIOPNU[5t [UNhZ=MTK[ J=XE[Uo/ZfGIOBgA[
[UE/GIHKJA/V5HKJﬃLMN3GIOPJAE@
 LOPHK[UN3GNUJAETK[ M[UENU[:J=XGI¨[ Z=t J.gA[ Z=HKoAM{R[UE/GIT¬OPTGI¨ﬀZfGOBG¬OPTcEJ=G JATKTKOPtdP[^GIJRNUJAETYGIHKMN3G
TK[UdBXTKOP{ROPdeZ=HwTKJAdPM2GIOPJAETwXJAH]LHKJATz{RJ.gﬃOPEo Z=TzL[3GIJAEﬀZfGIOPJAETU@5 TKOP{RdP[:­yZhVﬂJ=XHKJ.gﬃOPEo GI¨OPT]OPT
t/V HK[UNhZ=dPdPOPEo GI¨ﬀZfG^Z1TKM [UHKTKJAEOPN:L[3nZ=oAHIZfGIOPJAE EﬀZfGIMHIZ=dPdBV5[3gAJAdBgA[UT^OPE/GIJZ1L[3GIJAEﬀZfGIOPJAE ­c¨[UE GI¨[
L[3nZ=oAHIZfGIOPJAEwXHKJAE/GYNhZfGINs¨[UT;M 
¬­cOBGI¨]OBGITTKM [UHKTKJAEOPNªHK[UNUJA{RHK[UTKTKOPJAEzTK¨JﬃN SXHKJAE/G 1 WﬃMtTK[UN3GIOPJAE






dPJﬃJ OPEo ZfG GI¨OPT:OPTzGI¨ﬀZfGﬁ! JAE GI¨OPT:OPN3GIMHK[ﬂ! OBG ­JAMdPL8t [OP{R JATKTKOPtdP[RGIJ ¨ﬀZhgA[vZ LOPTKNUJAE/GIOPEMOBGFV










t\#D46/ﬁﬀ FH  TFﬁ)D-.ﬀ#(+?#()(@/m75/G*ﬁﬀ-01*/ﬂ>G*ﬁ)D1W75#Dﬂ^~!*&:2!ﬂ>ﬁ&5/4*~?2ﬁ&:ﬀ#Dﬂ^~O<:/1*P=)Dﬁﬀ
1*-/ﬁ)(@ﬂ#DGW#(ﬀﬃﬂ#(7!ﬀQ=ﬀﬃ16&:#(7!2=@4*/@ﬂ#D16&:ﬀ5Hc >3ﬀﬃ16)(#(2 75/G*ﬁﬀC/5<:/ﬁﬀﬃﬁ&,ﬂCdﬁ@b 2=k]
4*/@ﬂ#D16& ﬀﬃ16)(ﬂ#D16&:ﬀd#Dﬂ> ﬂ>J/#D46>,ﬂ+!16ﬀﬃﬂLﬀﬃ16)(#(2 75/G*NQ.ﬁ#(&4q fg>:@<=+?*&W]K*16465ﬂ
2=@4*/@ﬂ#D16&
H  >c2:*ﬀ>ﬁ2 75/G*ﬁﬀ!/5<:/ﬁﬀﬃﬁ&,ﬂ?ﬀﬃﬂﬃ/16&4q2=@4*/@ﬂ#D16& ﬀﬃ16)(ﬂ#D16&:ﬀOQ.9]
~*16&:2 fg>:@<=+?*&W]K*16465ﬂ)(#(+?#Dﬂg*&:2c@/%<=>,~Wﬀ#(75*)()D~?-01*/Q=#(2:2ﬁ&
H
  B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,

) ﬁH-ﬃ '+./) qAm
§¨[JAE[  FﬀZ=HIZ={R[3GI[UHXZ={ROPdBVwJ=X TK[UdBXTKOP{ROPdeZ=H$TKMtTKJAEOPNyL[3nZ=oAHIZfGIOPJAE TKJAdPM2GIOPJAET;OPTOPdPdPMTYGIHIZfGI[UL
OPEliOPoAMHK[UT5_ﬃ@  1ZH3(Z=EL1t 3 @ §¨[UTK[ NUMHYgA[UTv¨ﬀZhgA[ t [U[UE [ "[UN3GIOBgA[UdBV<NUJA{RM2GI[UL<XJAH(GI¨[ TK[UdBX
TKOP{ROPdeZ=H{RJ=GIOPJAE:J=X$Z^LOPTKNUJAEE[UN3GI[ULMﬀZ=H:LHKJA(LMHKOPEo^GI¨[cNUJATK{RJAdPJAoAOPNhZ=d MﬀZ=H ﬃ¨ﬀZ=LHKJAE(¨ﬀZ=TK[
GIHIZ=ETKOBGIOPJAE1TK[U[ Z=dPTKJ1Wﬃ[UN3GIOPJAE q2@ mH3 @§¨[]gA[UdPJﬃNUOBGFVJ=XuGI¨[]OPE/GI[UHYXZ=NU[z¨ﬀZ=T¬t [U[UE L[3GI[UHK{ROPE[UL ZfX,GI[UH
TK [UNUOBX,VﬃOPEo GI¨[5GI[U{R [UHIZfGIMHK[5OPE GI¨[v¨ﬀZ=LHKJAE ¨ﬀZ=TK[ Z=L/4IZ=NU[UE/G GIJ GI¨[5¨ﬀZ=TK[vOPE/GI[UHYXZ=NU[=@ §¨OPT
GI[U{R [UHIZfGIMHK[ﬂ!ﬀ­c¨OPNs¨ OPT¬Z=dPTKJRHK[UdeZfGI[UL5GIJ GI¨[]L[UoAHK[U[zJ=XuTKM [UHKNUJﬃJAdPOPEo J=XuGI¨[]¨OPoA¨GI[U{R [UHIZfGIMHK[











OPTyGI¨[^NUHKOBGIOPNhZ=d GI[U{R [UHIZfGIMHK[SXJAHGI¨[wGIHIZ=ETKOBGIOPJAE 3 @
QSO#"[UHK[UE/GNUMHYgA[UTZ=HK[LHIZh­cE XJAHuLO#"[UHK[UE/Gg=Z=dPM[UTJ=XGI¨[gA[UdPJﬃNUOBGFVzJ=X GI¨[LHKJA TKMHYXZ=NU[ 1+'CB DB
J=XGI¨[L[3nZ=oAHIZfGIOPJAE XHKJAE/G3 HK[UdeZfGIOBgA[cGIJ Z]NUJﬃJAHKLOPEﬀZfGI[¬TYVﬃTYGI[U{ ¨ﬀZhgﬃOPEozOBGITªJAHKOPoAOPE(ZfGªGI¨[NU[UE/GIHK[SJ=X
GI¨[]LHKJA@¬WﬃJAdPOPLvdPOPE[wNUMHYgA[UT^Z=HK[]HK[UHK[UTK[UE/GsZfGIOBgA[ J=XuTKMtTKJAEOPN]­[hZ5L[3nZ=oAHIZfGIOPJAE5­yZhgA[UT"!­c¨OPdP[
LﬀZ=TK¨[ULldPOPE[ NUMHYgA[UTTK¨J.­ GI¨[ TKJAdPM2GIOPJAE¢J=X^TKMtTKJAEOPN TYGIHKJAEo L[3nZ=oAHIZfGIOPJAETU@ §¨[ HKOPoA¨/GI{RJATYG
TKJAdPOPL NUMHYgA[(Z=EL GI¨[ dP[3X,GI{RJATYGwLﬀZ=TK¨[ULNUMHYgA[RNUJAHKHK[UTK JAELGIJvZ=L/4IZ=NU[UE/G]tM2G]LOPTYGIOPEN3GSg=Z=dPM[UT^J=X
GI¨[5gA[UdPJﬃNUOBGFV8J=XGI¨[ LHKJA¢TKMHYXZ=NU[=@lCFE¢ﬀZ=HYGIOPNUMdeZ=H"! GI¨[ HKOPoA¨/GI{RJATYG TKJAdPOPL NUMHYgA[ HK[UHK[UTK[UE/GIT5Z
x¨ﬀZ={(Z=E+ %=JAMoAM[3GcL[3nZ=oAHIZfGIOPJAE !XJAHy­c¨OPNs¨5GI¨[^XHKJAE/G¬{RJ.gA[UTZfGGI¨[]TKJAMELvTK [U[UL HK[UdeZfGIOBgA[wGIJ
GI¨[]nﬀMOPL t [U¨OPEL 1 xJAMHIZ=E/GwZ=EL iﬀHKOP[ULHKOPNs¨T  m/ﬁﬀJ3 @¬§¨OPTS{(Z=HTcGI¨[zGIHIZ=ETKOBGIOPJAE5XHKJA{|TKMtTKJAEOPN
­[hZ L[3nZ=oAHIZfGIOPJAET1,­c¨OPNs¨1Z=HK[c¨/VﬃTKOPNhZ=dPdBV:HK[hZ=dPOPTYGIOPN 3;GIJ]TKMtTKJAEOPN¬TYGIHKJAEo]L[3nZ=oAHIZfGIOPJAET1,­c¨OPNs¨
Z=HK[y¨/VﬃTKOPNhZ=dPdBV^XJAHKtOPLL[UE 3 @ ¬J=GI[GI¨ﬀZfGGI¨[yTKJAdPM2GIOPJAE]XJAHGI¨[y{R[ULOPM{ t [U¨OPEL:ZSTKMtTKJAEOPNyTYGIHKJAEo









Z=TZRL[3nZ=oAHIZfGIOPJAE5XHKJAE/GS¨ﬀZ=T¬J"[UHK[UL ZREM{ t [UH¬J=XOPE/GI[UHK[UTYGIOPEo1Z=EL EJ.gA[Ud;X[hZfGIMHK[UTU@c§¨[UTK[:Z=HK[
TKM{R{(Z=HKOU[UL OPE GI¨[ dPOPTYGt [UdPJ.­M! ­c¨[UHK[z­[ Z=dPTKJ( JAOPE/GSJAM2GGI¨[ {(Z=OPE LO#"[UHK[UENU[UTSt [3GF­[U[UE GI¨[
TK[UdBXSTKOP{ROPdeZ=HzTKJAdPM2GIOPJAET:XJAH [3g=Z= JAHIZfGIOPEo LHKJAT(Z=EL8GI¨[v[ MOBg=Z=dP[UE/G(TKJAdPM2GIOPJAET XJAH [ 2ﬀZ=ELOPEo
tMttdP[UTU@
@  
CFERGI¨[¬NhZ=TK[J=X$Z=ER[ 2ﬀZ=ELOPEoztMttdP[ﬂ!/GI¨[¬L[3nZ=oAHIZfGIOPJAE XHKJAE/G 1[UOBGI¨[UHªTKMtTKJAEOPN¬JAH TKM [UH  
TKJAEOPNcHK[UdeZfGIOBgA[GIJ^GI¨[¬NU[UE/GIHK[J=XGI¨[¬tMttdP[ 3uOPTªZ=dB­yZhVﬃTªHK[UNU[UL[ULt/VRZ^NUJA{RHK[UTKTKOPJAE ­yZhgA[
XHKJAE/GI[UL !OPE1HKOPENUOPdP[ﬂ!ﬃt/V5Z TK¨JﬃN @ §¨[wdeZfGKGI[UHyNUJAMdPLZ=dPTKJ:¨ﬀZhgA[wE[UoAdPOPoAOPtdP[Z={RdPOBGIML[¬OPE
GI¨[^NhZ=TK[]J=XZ:gA[UHYVvTKdPJ.­cdBV1oAHKJ.­cOPEoRtMttdP[=@iﬀJAH¬Z:NUJAE/GIHIZ=N3GIOPEoRLHKJA ! Z:TKMtTKJAEOPN]L[3nZ  
oAHIZfGIOPJAEvNhZ=E JAEdBVvt [zHK[UNU[UL[UL t/V ZRTKJAdPM2GIOPJAEv­cOBGI¨ U[UHKJ1gA[UdPJﬃNUOBGFVvZ=EL NUJAETYGsZ=E/Gw[UE[UHKo=V
L[UETKOBGFVA@
@J@  





q=   B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,

) ﬁH-ﬃ '+./)
HIZfGIOPJAE !ﬃGI¨[^LJ.­cETYGIHK[hZ={nﬀJ.­ OPTTKM [UHKTKJAEOPN^HK[UdeZfGIOBgA[GIJ:GI¨[wXHKJAE/G¬Z=EL5GI¨[^L[3nZ=oAHIZfGIOPJAE
OPTcGI¨[UHK[3XJAHK[:ZRTYGIHKJAEo1JAE[=@TSLOPTKNUMTKTK[UL Z=t J.gA[ﬂ!GI¨OPT¬TKJAdPM2GIOPJAEv­JAMdPL t [zMETYGsZ=tdP[ Z=EL
NUJAMdPL5EJ=G¬t [wHKJﬃLMNU[UL ¨/VﬃTKOPNhZ=dPdBVA@
@J@J@  
§¨[RTKJAdPM2GIOPJAE XJAHwGI¨[R{R[ULOPM{ t [U¨OPELGI¨[RL[3nZ=oAHIZfGIOPJAE XHKJAE/G]OPE
Z=E[ 2ﬀZ=ELOPEo tMt+ 
tdP[5NUJAMdPL LO#"[UH XHKJA{ Z NUJAETYGsZ=E/G(TYGsZfGI[­cOBGI¨ U[UHKJgA[UdPJﬃNUOBGFV JAEdBV OBX¬GI¨[vtMttdP[­[UHK[
[ 2ﬀZ=ELOPEoTKM [UHKTKJAEOPNhZ=dPdBV0! OPE
­c¨OPNs¨ NhZ=TK[vOBG ­JAMdPL t [HK[UHK[UTK[UE/GI[UL<t/V Z HIZ=HK[3XZ=N3GIOPJAE

















§¨[zL[3nZ=oAHIZfGIOPJAE5XHKJAE/GSOPE Z=E [ 2ﬀZ=ELOPEo(tMttdP[zNUJAMdPL {RJ.gA[]­cOBGI¨vgA[UdPJﬃNUOBGIOP[UTcM GIJRGI¨[
TKJAMEL TK [U[UL 1Z=ELl JATKTKOPtdBV t [3VAJAEL 3(HK[UdeZfGIOBgA[vGIJ
GI¨[ NU[UE/GIHK[ J=X]TYVﬃ{R{R[3GIHYVA@ﬁSE<GI¨[
J=GI¨[UH¨ﬀZ=EL !­[hZvL[3nZ=oAHIZfGIOPJAETHK[UHK[UTK[UE/GwGI¨[ JAEdBVvNUdeZ=TKTJ=X TK[UdBX TKOP{ROPdeZ=HTKJAdPM2GIOPJAETcXJAH
Z=E [3g=Z= JAHIZfGIOPEoRLHKJAv­c¨OPNs¨ NUJAMdPL t []HK[hZ=dPOU[UL OPEvHIZ=N3GIOPNU[zZ=EL !XJAHcGI¨[UTK[ﬂ! GI¨[zTKMHYXZ=NU[







TSXJAH¬GI¨[ NhZ=TK[ J=XªoAHKJ.­cOPEo(tMttdP[UT"!GI¨[ [ 2OPTYGI[UENU[ Z=EL HKJA [UHYGIOP[UTJ=XGI¨[:TK[UdBX TKOP{ROPdeZ=H
TKJAdPM2GIOPJAETRXJAH1NUJAE/GIHIZ=N3GIOPEo LHKJAT1­cOPdPd¬t [ MTK[UL ­c¨[UE TK [UNUOBX,VﬃOPEo OPEOBGIOeZ=dNUJAELOBGIOPJAETRXJAH(GI¨[
EM{R[UHKOPNhZ=d;TKJAdPM2GIOPJAE J=XGI¨[]XMdPd;HK[UdeZfGIOBgﬃOPTYGIOPN^¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d;[ MﬀZfGIOPJAETL[UTKNUHKOPt [UL OPE Wﬃ[UN3GIOPJAE
q2@ m2@ª§¨[UHK[^­[^­cOPdPd$Z=dPTKJ t []Z=tdP[wGIJ gA[UHKOBX,V1GI¨[YHKJAtMTYGIE[UTKT
(J=XGI¨[^TK[UdBXuTKOP{ROPdeZ=HTKJAdPM2GIOPJAE5Z=EL
GI¨[^¨/VﬃTKOPNhZ=dNUJAELOBGIOPJAETyMEL[UHc­c¨OPNs¨vOBGy­cOPdPdt [wEJRdPJAEoA[UHg=Z=dPOPL@
  B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,

) ﬁH-ﬃ '+./) q/
`  6$% 9; 4

ﬀ $B ) '+&,  )ﬁﬃ  ' '# ﬃ .  C./+. 
*Uﬁﬃ'R*h
'(!ﬁﬃ6/+% 
  ﬃD  -ﬃD





./ﬀ)ﬃ '+./) -ﬃ '   -.8ﬀﬂ ' E')ﬁﬃﬃ 1B

ﬃD)'&,ﬃ%ﬃD $B ) '+&, ﬁﬃ-ﬃ  .  
ﬃD )ﬁﬃ  -ﬃ
 ﬃ '   &, -ﬁﬀﬂ'ﬃ 
ﬁﬃ*h"Aﬀ'ﬁﬃ)
 J.   H'   ')'ﬃ 'J ./DB

 8 ' 2'J./ﬀ)ﬃ '+./)  $*ﬃ
;f,+'ﬁﬁﬃ)
./ﬀ)ﬃ '+./) ﬃD -ﬃ  $B ) '+&,H )ﬁﬃ   -ﬃ ﬀﬂ






   ' 2'J ./ﬀ)ﬃ '+./) C./  J-ﬃ '  'ﬁﬃ '+&  )ﬁﬃ  &, - )& '-  ' ﬃ  2.    ﬀﬂ)' ﬂ)ﬀ5









$B '+&,  )ﬁﬃ     '  ./:5'.






$B '+&,  )ﬁﬃ     '  ./ﬂ5'&"./ﬃ 'ﬀﬂ'ﬃ  ﬁﬀﬂ   H&"
 .  '   ,H&/ﬃ '+./  J./ﬃY@

  ' 2'J ./ﬀ)ﬃ '+./) C./ -ﬀ + 5.,$*  .  '  )) ﬁH-ﬃ '+./) &, -L&"./

ﬁﬃ ﬁﬀ5&/ﬃ    
% ;
ﬃD + ,ﬃ
"A%  % ;*5*U% '$% ;*
.  ﬃD    ' 2'JC 5. 

 ) 2'+&, ﬃﬂ)ﬀH-ﬃ '+./)  'ﬃD ﬁﬀﬂ'ﬃ  +.8&,-ﬃ  
);*h"A%  ;, £ *hﬀ"Aﬁﬃ*
H&./  )'+&




ﬃ  .ﬂ5'&"./ﬃ 'ﬀﬂ'ﬃ ﬁﬀﬂ   H&" C./ H.  '  -ﬀ +2
2 ﬂ% *3






   ' 2'J ./ﬀ)ﬃ '+./) &, - &"./)ﬁﬃ ﬁﬀ5&/ﬃ    C./ 
%ﬃ&( !#! !'ﬁ
 .  '  L
& ﬁ# )ﬁ/2% 
B

  .  2ﬃDL./ﬀ)ﬃ '+./) ﬃD
  5'ﬀ /ﬀﬂﬁﬃ ,  .   ﬃD )) ﬁH-ﬃ '+./  J./ﬃ%' .8ﬃ -ﬃ%ﬁﬃ-ﬀ)ﬃ%' /ﬃ 'ﬃ .  .8ﬃ '+./  
ﬃD





   ' 2'J ./ﬀ)ﬃ '+./) &, - &"./)ﬁﬃ ﬁﬀ5&/ﬃ    C./ 
"A%  .ﬀ"=8)%
 .  ' E 
& ﬁ# )ﬁ/2% 
B

L .   ﬃD./ﬀ)ﬃ '+./)ﬃD   5'ﬀ ,  .   ﬃD




   ' 2'J ./ﬀ)ﬃ '+./)
&, - &"./)ﬁﬃ ﬁﬀ5&/ﬃ    C./ )'+& ﬃD#ﬁﬀﬂ   H&" .  *ﬃD5.,$  .   #
*3.% R)ﬁ/2% 




ﬃD J-ﬃ ﬃ  ./ﬀ)ﬃ '+./)&, -,'  '2$*H&/ﬃ '+&"DB
qAq   B J-ﬃ '  'ﬁﬃ '+& -8' 2'J6./ﬀ)ﬃ '+./) C./ﬂ$B '+&,

) ﬁH-ﬃ '+./)
      
    

	   u	  



















EOBGIOPJAE 3!H'CB DB=JAE:GI¨[c JATKTKOPtOPdPOBGFVzJ=X GIHK[hZfGIOPEo^ZwdeZ=HKoA[NUJAdPdP[UN3GIOPJAE J=XﬀZ=HYGIOPNUdP[UT
J=XuGI¨[ TIZ={R[]GFVﬃ [:Z=TSZ(NUJAE/GIOPEMM{|L[UTKNUHKOPt [UL t/V ZhgA[UHIZ=oA[UL MﬀZ=E/GIOBGIOP[UTU@CGSOPTTYGIHIZ=OPoA¨/GKXJAHY­yZ=HKL









3 @pJ§¨[ deZfGKGI[UH OPT GIJ
t [RMEL[UHKTYGIJﬃJﬃL





GI¨[(LO#"[UHK[UE/G:Ns¨[U{ROPNhZ=d HKJA [UHYGIOP[UTzJ=XGI¨[(NUJAETYGIOBGIM[UE/GIT JAH Z=NUNUJAHKLOPEo GIJvGI¨[1LO#"[UHK[UE/GzGFVﬃ [UT
J=X$¨/VﬃTKOPNhZ=dOPE/GI[UHIZ=N3GIOPJAE1Z={RJAEo]GI¨[NUJAETYGIOBGIM[UE/GITU@ §¨[XJAHK{(Z=dﬀGIHK[hZfGI{R[UE/GyJ=X${ MdBGIOPNUJA{R JAE[UE/G
nﬀMOPLTNhZ=E5t [^HIZfGI¨[UHTKOP{RdPO

[UL1OBXZ=dPdJ=X;GI¨[wNUJA{R JAE[UE/GIT¬Z=HK[wNUJAETKOPL[UHK[UL Z=TOPEL[U [UEL[UE/Gh@ªCFE
GI¨OPTyNhZ=TK[ﬂ!ﬀTYGsZ=ELﬀZ=HKLv¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d[ MﬀZfGIOPJAETNhZ=E5t [S­cHKOBGKGI[UEXJAHy[hZ=Ns¨vJ=X;GI¨[wNUJA{R JAE[UE/GIT
Z=ELvZ:{ MdBGIOPNUJA{R JAE[UE/GnﬀMOPL1­cOBGI¨LO#"[UHK[UE/G¬ﬀZ=HYGIOPNUdP[TK [UNUOP[UTcNhZ=Evt [w[ "[UN3GIOBgA[UdBVL[UTKNUHKOPt [UL
OPE GI[UHK{RTuJ=X . ?ﬁ.m¬[ MﬀZfGIOPJAET Z=NUNUJAME/GIOPEowHK[UTK [UN3GIOBgA[UdBVzXJAHGI¨[NUJAE/GIOPEMOBGFV J=XGI¨[TK [UNUOP[UT"!
1,XHKJA{ ­c¨OPNs¨ﬂGI¨[1NUJAE/GIOPEMOBGFVJ=XGI¨[(TK [UNUOP[UT {ROﬃGIMHK[(NhZ=E
t [(L[ULMNU[UL 3]GI¨[1NUJAETK[UHYg=ZfGIOPJAE
J=X
[UE[UHKo=V5Z=EL5GI¨[^NUJAETK[UHYg=ZfGIOPJAEvJ=X{RJA{R[UE/GIM{ J=X;GI¨[^{ROﬃGIMHK[21yZfGKGsZ=E[UH  ?.ﬀJ3 @
ac[hZ=N3GIOBgA[RnﬀJ.­cT:Z=HK[(MTKMﬀZ=dPdBV NUJAETKOPL[UHK[UL8Z=Tz{ MdBGIOPNUJA{R JAE[UE/G^nﬀJ.­cT [UOBGI¨[UHzt [UNhZ=MTK[(GI¨[
nﬀMOPLTyJAE1t J=GI¨TKOPL[UTyJ=XGI¨[SHK[hZ=N3GIOPJAE(XHKJAE/G¨ﬀZhgA[wLO#"[UHK[UE/GNs¨[U{ROPNhZ=d HKJA [UHYGIOP[UT"!2JAHyt [UNhZ=MTK[wJ=X
GI¨[SHK[UTK[UENU[^J=X Y{RO2[UL(¨ﬀZ=TK[ 
 HK[UoAOPJAET"!ﬃOPE(­c¨OPNs¨1GI¨[GF­J:¨ﬀZ=TK[UTNUJﬃ[ 2OPTYGw@ ¬J.­[3gA[UH"!ﬀOPE(GI¨[
NhZ=TK[ J=X HK[UdeZfGIOBgﬃOPTYGIOPNwnﬀMOPLT"!$Z=T¬GI¨[ JAE[UTSHK[UdP[3g=Z=E/GwLMHKOPEo1NUJATK{RJAdPJAoAOPNhZ=d$¨ﬀZ=TK[zGIHIZ=ETKOBGIOPJAETZ=EL
GI¨ﬀZfGZ=HK[]JAMH¬{(Z=OPE5OPE/GI[UHK[UTYG¨[UHK[ﬂ!GI¨[]dP[hZ=LOPEo XZ=N3GIJAHcOPE5GI¨[]LOPTYGIOPEN3GIOPJAEvZ={RJAEo GI¨[]LO#"[UHK[UE/G
K]1N3Q TPORSDN3gCj~V} =:} <gCTP^TP^U[ wN3gR_j     i5TPdjNgRQ]hiQeg5ORNkORSD_jﬂT3jwORN2Tokvr n q	 les5UD_[;iN3g5UN,M
q/Ł
qA   B   J-ﬃ '  'ﬁﬃ '+&C 5'J-ﬃ '+./	0 5. ) 2'+&
TK [UNUOP[UTJ=XZ { MdBGIOPNUJA{R JAE[UE/GªnﬀMOPL1OPTyEJ=GyGI¨[SNs¨[U{ROPNhZ=dNUJA{R JATKOBGIOPJAE !tM2GcHIZfGI¨[UHGI¨[GFVﬃOPNhZ=d
OPE/GI[UHIZ=N3GIOPJAEdP[UEo=GI¨5TKNhZ=dP[21JAH{R[hZ=EXHK[U[wﬀZfGI¨ 3yJ=XGI¨[^LO#"[UHK[UE/GcﬀZ=HYGIOPNUdP[UTHK[UTK[UE/GOPE1GI¨[wnﬀMOPL@
CFE:GI¨OPTuTK[UETK[ﬂ!/­[­cOPdPdﬃNUJAETKOPL[UH Z=Tu[ "[UN3GIOBgA[UdBV ﬀZ=HYGITJ=XGI¨[TIZ={R[nﬀMOPL GF­J^NUJA{R JAE[UE/GIT¨ﬀZhgﬃOPEo




CFE oA[UE[UHIZ=d 1Z=EL OPEvGI¨[z{RJATYGOPE/GI[UHK[UTYGIOPEo(TKOBGIMﬀZfGIOPJAET3!ﬀGI¨[zLO#"[UHK[UE/GTK [UNUOP[UTSNUJA{R JATKOPEo
Z { MdBGIOPNUJA{R JAE[UE/GwnﬀMOPL Z=HK[(EJ=GzOPEL[U [UEL[UE/G:tM2G HIZfGI¨[UHzNUJAMdP[UL
t/VﬂTKJA{R[/OPEL
J=XOPE/GI[UH  







vGI[UHK{RT E[U[UL GIJ t [1OPE/GIHKJﬃLMNU[UL@ §¨[UTK[GI¨[UE
Z=NUNUJAME/G XJAHuGI¨[c JATKTKOPtOPdPOBGFV]J=X[UE[UHKo=VRZ=EL {RJA{R[UE/GIM{9[ 2Ns¨ﬀZ=EoA[Z={RJAEoSGI¨[cLO#"[UHK[UE/GªTK [UNUOP[UT
JAHXJAHªGI¨[S JATKTKOPtOPdPOBGFV:GI¨ﬀZfGcZzTK [UNUOP[UTNUJAMdPL1t [GIHIZ=ETYXJAHK{R[ULOPE/GIJ:Z=EJ=GI¨[UHyJAE[=@ oA[UE[UHIZ=d¨/V  
LHKJﬃL2VﬃEﬀZ={ROPNhZ=dGI¨[UJAHYV5J=XGI¨[UTK[]GFVﬃ [zJ=XnﬀJ.­cTOPTcEJ(dPJAEoA[UHc JATKTKOPtdP[]Z=EL LO#"[UHK[UE/G¬GI[UNs¨EO,M[UT
E[U[UL8GIJ t [1OP{RdP[U{R[UE/GI[UL
OPE LO#"[UHK[UE/G ¨/VﬃTKOPNhZ=dyTKOBGIMﬀZfGIOPJAETU@ TKOP{RdP[1Z=EL ­[UdPdEJ.­cE8[   
Z={RdP[]J=XuGI¨[ YOPE/GI[UHIZ=N3GIOPJAE 
1Z={RJAEoRﬀZ=HYGIOPNUdP[UT¬J=X LO#"[UHK[UE/GSTK [UNUOP[UT¬­cOBGI¨OPE Z({ MdBGIOPNUJA{R JAE[UE/G
nﬀMOPL1OPTJ"[UHK[ULt/VRGI¨[OPE/GI[UHIZ=N3GIOPJAE1t [3GF­[U[UE5HIZ=LOeZfGIOPJAE 1+'CB DB{R[hZ=E/GZ=TyZ]nﬀMOPL1J=X¨J=GIJAET3ªZ=EL
{(ZfGKGI[UH 1+'CB DB/{R[hZ=E/GZ=TyZ^nﬀMOPL1J=X${(Z=TKTKOBgA[ﬀZ=HYGIOPNUdP[UT3 Z=EL(­c¨OPNs¨1MTKMﬀZ=dPdBV oAJﬃ[UTMEL[UHGI¨[EﬀZ={R[
J=X
: >H9ﬂ@ >ﬂF @ 
	
F : >ﬂ=-D @
	
:




>)>ﬂF @C;= ;]@ : >H9ﬂ@ >ﬂF @ 
	






[UdPL !JAH"!OPE J=GI¨[UHw­JAHKLT"!;J=XGI¨[ ¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUT^J=XªGI¨[
HIZ=LOeZfGIOPJAE(nﬀMOPLvﬀZ=HYGIOPNUdP[UTU@
 deZ=HKoA[dPOBGI[UHIZfGIMHK[1¨ﬀZ=TRt [U[UE¢HKJﬃLMNU[UL t J=GI¨8XJAH NUdeZ=TKTKOPNhZ=dyTKJAdPM2GIOPJAET J=X¬GI¨[vHIZ=LOeZfGIOBgA[
GIHIZ=ETYX[UH¬[ MﬀZfGIOPJAE 1 x¨ﬀZ=ELHIZ=TK[ ¨ﬀZ=H mA}ﬀZ=EL HK[3X[UHK[UENU[UTGI¨[UHK[UOPE 3cZ=ELvXJAHcTK [UNUOeZ=dHK[UdeZfGIOBgﬃOPTYGIOPN
XJAHK{RTJ=X;OBGM1 vOP¨ﬀZ=deZ=TZ=EL1vOP¨ﬀZ=deZ=T: ?A?.}ﬁﬀ$Z=ELHK[3X[UHK[UENU[UTGI¨[UHK[UOPE 3 @CGOPTyHK[UdP[3g=Z=E/GGIJ:MEL[UHKdPOPE[
GI¨ﬀZfGz­c¨[UE [ 2HK[UTKTK[UL OPE




HIZ=LOeZfGIOBgA[1GIHIZ=ETYX[UHRZ=HK[5EJdPJAEoA[UH Z=L[ MﬀZfGI[vE[hZ=H:GIJﬂZ=TYGIHKJA¨/VﬃTKOPNhZ=dcNUJA{RﬀZ=N3G JAt54K[UN3GIT(JAH XJAH
TKJA{R[RNUJATK{RJAdPJAoAOPNhZ=dTKOBGIMﬀZfGIOPJAET^OPE ­c¨OPNs¨GI¨[ nﬀMOPLT]NhZ=Eﬂ¨ﬀZhgA[(HK[UdeZfGIOBgﬃOPTYGIOPN:tMd, {RJ=GIOPJAET^Z=EL
GI¨[ [ "[UN3GITvJ=XzTKﬀZ=NU[3GIOP{R[ NUMHYg=ZfGIMHK[ NhZ=EEJ=Gvt [ E[UoAdP[UN3GI[UL@ TvZ NUJAETK[ M[UENU[ﬂ!]Z oA[UE[UHIZ=d
HK[UdeZfGIOBgﬃOPTYGIOPNGI¨[UJAHYV J=XHIZ=LOeZfGIOPJAE:¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNUTªOPTHK[ MOPHK[ULRXJAHGI¨[cTYGIML2VRJ=X GI¨[UTK[TKOBGIMﬀZfGIOPJAET




XZ=OPHKdBV HK[UNU[UE/GIdBVﬂZ=EL Z={RJAEo5GI¨[UTK[ﬂ!uﬀZ=HYGIOPNUMdeZ=HwOPE/GI[UHK[UTYG ¨ﬀZ=Tzt [U[UE
XJﬃNUMTKTK[ULRJAE GI¨[c©ªWﬃ§ci GI[UETKJAHuXJAHK{(Z=dPOPTK{ L[3gﬃOPTK[UL t/V:§¨JAHKE[OPE?.kA2?  ?.q/ﬃﬀZ=EL GI¨[NUJ.g=Z=HKOeZ=E/G
& 5SD_j/,|_ d dUXYQﬂORSDQ	beT3jQ5hiN3gN3DgŁORgRQcTVORQe^*ONPh:ORSDQS1f[gRN[f1^UTP_bej?NPh:ORSDQ1F*UTPgA4  )3d DN3^TP^U[SUT3[gRN3^

dT3j(T3j
[DgR_ ^ﬁ)kORSDQ b]N*jN3d N*)3_beTPd F*UTPgA4 
1SUT3[gRN3^(ORgCTP^Uj_ OR_ N3^I
  B   J-ﬃ '  'ﬁﬃ '+&C 5'J-ﬃ '+./	0 5. ) 2'+& qAk
nﬀMﬃ  FdPOP{ROBGI[ULzLO#"MTKOPJAE GI¨[UJAHYVL1iu«QS§3Z=HKJ/Z=Ns¨RHKJA JATK[UL t/V:EOPdP[Z=ELRacJA{(Z=EJE ?.mﬀ @uJ=GI¨
{R[3GI¨JﬃLTHK[UHK[UTK[UE/GSZ=HKJh2OP{(ZfGIOPJAETªGIJRZ:HKJAtdP[U{ ­c¨OPNs¨vOPTGIJﬃJ:NUJA{RdPOPNhZfGI[UL1GIJ Y¨ﬀZ=ELdP[ 
:OPE
XMdPdL[3GsZ=OPdcZfG GI¨[vHK[UTK[UE/G(GIOP{R[5Z=EL GI¨[UHK[v¨ﬀZ=TRt [U[UE<TKJA{R[5L[UtﬀZfGI[ Z=t JAM2G GI¨[UOPH HK[UTK [UN3GIOBgA[






XJAdPdPJ.­cOPEo:JAE5GI¨[]MTK[zJ=XGI¨[z©ªWﬃ§ci {RJA{R[UE/GcXJAHK{(Z=dPOPTK{ ­c¨OPNs¨ HK[UTK[UE/GITSoAHK[hZfGZ=L2g=Z=E/GsZ=oA[UT¬OPE
GI¨OPTHK[UTK [UN3Gh@
CFE¢GI¨OPT(Ns¨ﬀZ=2GI[UH(­[ L[UHKOBgA[ ZE[3­ TYVﬃTYGI[U{pJ=X]«Z=oAHIZ=EoAOeZ=E HK[UdeZfGIOBgﬃOPTYGIOPN¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPN
[ MﬀZfGIOPJAETcXJAHcL[UTKNUHKOPtOPEoRoA[UE[UHIZ=dEJAE+ FTYGsZfGIOPJAEﬀZ=HYVTK¨[UHKOPNhZ=d{ MdBGIOPNUJA{R JAE[UE/GnﬀJ.­cTOPE5­c¨OPNs¨







nﬀMOPL5L[UTKNUHKOPt [ULvt/VGI¨[^TYGIHK[UTKT¬[UE[UHKo=VGI[UETKJAH 1 ?A@B?/3yZ=EL Z:oA[UE[UHIZ=dPOU[UL






Z=T]Z1nﬀMOPLNUJA{R JATK[UL J=Xy[ "[UN3GIOBgA[UdBV U[UHKJvHK[UTYG F{(Z=TKT^ﬀZ=HYGIOPNUdP[UTw¨ﬀZhgﬃOPEo5dPJAEoA[UHw{R[hZ=E XHK[U[ ﬀZfGI¨
GI¨ﬀZ=EGI¨JATK[]J=X;GI¨[^TYGsZ=ELﬀZ=HKL5nﬀMOPL@
 $   <6    G<=ﬁ&0	"+ $"+  9 1)10 
§¨[ ©ªWﬃ§ci9GI[UETKJAHRXJAHK{(Z=dPOPTK{ OPT(ZGI[UNs¨EO,M[ XJAHRTKJAdBgﬃOPEo GI¨[ oA[UE[UHIZ=d¬HK[UdeZfGIOBgﬃOPTYGIOPN1XJAHK{ J=X
GI¨[SHIZ=LOeZfGIOBgA[cGIHIZ=ETYX[UHy[ MﬀZfGIOPJAE !ﬃ­c¨OPNs¨ !Z=Ty{R[UE/GIOPJAE[ULZ=t J.gA[ﬂ!L[UTKNUHKOPt [UTGI¨[g=Z=HKOeZfGIOPJAERJ=X$GI¨[












OPE/g=Z=HKOeZ=E/G3 Z=EL OPTyZzEJAE+ Z  RE[SﬀZ=HIZ={R[3GI[UH{R[hZ=TKMHKOPEozGI¨[SHKJA [UHyTKﬀZfGIOeZ=d LOPTYGsZ=ENU[GIHIZhgA[UdPdP[UL







­c¨OPNs¨¢Z=NUNUJAME/GIT:XJAH GI¨[5OPE/GI[UHIZ=N3GIOPJAE t [3GF­[U[UE GI¨[5HIZ=LOeZfGIOPJAE
Z=EL1GI¨[STYGsZ=ELﬀZ=HKL1nﬀMOPL5Z=EL(­c¨JATK[^Z=N3GIMﬀZ=d XJAHK{ L[U [UELTJAE1GI¨[STK [UNUO

NwHIZ=LOeZfGIOBgA[¬HKJﬃNU[UTKTK[UT
­c¨OPNs¨ Z=HK[wGsZ=[UE OPE/GIJ [ Z={ROPEﬀZfGIOPJAE@ ¬J=GI[wGI¨ﬀZfGcGI¨[wGIJ=GsZ=d$L[UHKOBg=ZfGIOBgA[wOPTGsZ=[UE EJ=G 4KMTYGOPEGI¨[





































NhZ=E Z=dPTKJt [ [ 2HK[UTKTK[ULﬂOPE GI[UHK{RTSJ=XZ1{RJAHK[zXZ={ROPdPOeZ=H MﬀZ=E/GIOBGFV






ORQc[Tjd _ )3S*ORd f[_ a:QegRQe^*Oﬂb]N3^1Z3Qe^*OR_ N3^_ ^ ,|SD_bCS   &3
Ł=}   B   J-ﬃ '  'ﬁﬃ '+&C 5'J-ﬃ '+./	0 5. ) 2'+&















































 , 1m2@ mH3
­c¨[UHK[
"



























GI¨OPT¬HK[3X[UHKTGIJ1ZR¨/VﬃTKOPNhZ=d;TKOBGIMﬀZfGIOPJAEvOPEv­c¨OPNs¨ GI¨[UHK[zOPT¬EJ(OPE/GI[UHIZ=N3GIOPJAE t [3GF­[U[UE HIZ=LOeZfGIOPJAEvZ=EL
GI¨[wTYGsZ=ELﬀZ=HKL1nﬀMOPLTKJ GI¨ﬀZfGyGI¨[w¨J=GIJAEJﬃNUNUMﬀZfGIOPJAE1EM{ t [UHOPTNUJAETK[UHYgA[UL Z=dPJAEo [hZ=Ns¨5¨J=GIJAE
GIHIZ 4K[UN3GIJAHYVA@
§¨[ XMELﬀZ={R[UE/GsZ=dwOPL[hZ J=X]GI¨[©ªWﬃ§ci {R[3GI¨JﬃL NUJAETKOPTYGIT5J=XzHK[UdeZ=NUOPEo8[ MﬀZfGIOPJAE 1m2@B?/3
1,­c¨OPNs¨ROPT OPERZwNUJAENUOPTK[XJAHK{tM2Gª[U{ t JﬃLOP[UT[UEJAHK{RJAMT NUJA{RdP[ 2OBGFV)3t/V Z^¨OP[UHIZ=HKNs¨/V:J=X{RJA{R[UE/G
[ MﬀZfGIOPJAET ­cHKOBGKGI[UE(OPE GI[UHK{RTªJ=X$©HKJ/4K[UN3GI[ULvWVﬃ{R{R[3GIHKOPNcZ=EL(§;HIZ=NU[  iﬀHK[U[A1©ªWﬃ§ci 3uGI[UETKJAHKTª­c¨OPNs¨
Z=HK[¬TKMOBGsZ=tdBV:L[

E[ULZfG[hZ=Ns¨( JAOPE/GªOPE GI¨[¬HKJ/4K[UN3GI[UL(GsZ=EoA[UE/GyTKﬀZ=NU[¬GIJ^GI¨[cnﬀMOPLRXJAMH  gA[UdPJﬃNUOBGFV





©ªWﬃ§ciGI[UETKJAH3 @ ©ªWﬃ§ci {RJA{R[UE/GIT1Z=HK[ ZGIHKOBgﬃOeZ=d
oA[UE[UHIZ=dPOhZfGIOPJAE GIJzZwXJAMH  FLOP{R[UETKOPJAEﬀZ=d2TKﬀZ=NU[3GIOP{R[cJ=XGI¨[ IWVﬃ{R{R[3GIHKOPN§;HIZ=NU[iﬀHK[U[ 
 1 Wﬃ§ci 3uGI[UE+ 














































































































































































































































































































OPT1GI¨[ HKJ/4K[UN3GIOPJAE JA [UHIZfGIJAHJAHYGI¨JAoAJAEﬀZ=d¬GIJ









TYGsZ=HYGIOPEo XHKJA{jGI¨[TYGsZ=ELﬀZ=HKL8NUJAETK[UHYg=ZfGIOPJAE deZh­cT J=X¬[UE[UHKo=V Z=EL8{RJA{R[UE/GIM{
 & ]B;[ MﬀZfGIOPJAETL1 ?A@ m=53]Z=EL 1 ?A@ m/03 ﬀ @ CX !JAE
GI¨[J=GI¨[UH ¨ﬀZ=EL ! JAHKL[UHKT:¨OPoA¨[UH]GI¨ﬀZ=E
GI¨[TK[UNUJAEL
Z=HK[]HK[3GsZ=OPE[UL !OBG¬OPTcE[UNU[UTKTIZ=HYVvGIJ({(Z=[]LOPHK[UN3G¬MTK[zJ=XuGI¨[zZ=HKJAHKOeZfGI[^¨OP[UHIZ=HKNs¨/VvJ=Xu[ MﬀZfGIOPJAET













































































































GIJ t [5MTK[UL8XJAH Z EM{ t [UH
J=X Z=TYGIHKJA¨/VﬃTKOPNhZ=d^Z=EL NUJATK{RJAdPJAoAOPNhZ=d¬Z=dPOPNhZfGIOPJAET 1§;MHKJAdPdeZ
Z=EL ¬JAtOPdPO ?.q/ŁﬃﬀC! ¬JAtOPdPO¬[3G Z=d @
 ?_A_8!?_=mﬀC!ac[""UJAdPdeZRZ=ELvOPdPdP[UH9 ?.m/Ł5!;?.mA8!;?h/}ﬀC! vOPdPdP[UH¬Z=EL ac[""UJAdPdeZ  ?A?ﬃﬀC! Z={ROP[UHKO$[3GwZ=d @
























J=X GI¨[:¨OPoA¨[UTYGw{RJA{R[UE/GwMTK[ULOPE GI[UHK{RTwJ=XªdPJ.­[UHSJAE[UT]Z=EL ­c¨OPNs¨ OPTSL[UHKOBgA[UL JAE GI¨[:tﬀZ=TKOPTSJ=X
¨/VﬃTKOPNhZ=dNUJAETKOPL[UHIZfGIOPJAETU@
CFEzGI¨[ªE[ ﬃGuTK[UN3GIOPJAE]­[TK¨ﬀZ=dPdMTK[ªGI¨[©ªWﬃ§ci Z=HKJ/Z=Ns¨]GIJL[UHKOBgA[yZcE[3­8TK[3GuJ=Xﬀ«Z=oAHIZ=EoAOeZ=E
¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d[ MﬀZfGIOPJAET^L[UTKNUHKOPtOPEo5GI¨[RNUJAMdPOPEot [3GF­[U[UE HIZ=LOeZfGIOPJAE Z=ELﬂ{(ZfGKGI[UHwOPE GI¨[




9+ !9;ﬁ+)*9;ﬁ  9;#&)*9Wﬃ!)*"+ﬁ /4 #& !"$# 4 ﬁ 9 )1'0 8:"+ 6   <= 





GI¨[]HIZ=LOeZfGIOPJAE1nﬀMOPL5OPTc{RJ.gﬃOPEo:GI¨HKJAMoA¨5GI¨[]TYGsZ=ELﬀZ=HKL5nﬀMOPL@  ¨OPdP[^Z=E$MdP[UHK[hZ=E5XJAHK{ MdeZfGIOPJAE
J=X;GI¨[w¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=d[ MﬀZfGIOPJAETOPTHK[3X[UHIZ=tdP[wOPETKOBGIMﬀZfGIOPJAET­cOBGI¨5NUJA{RdP[ 1oA[UJA{R[3GIHKOP[UTZ=EL
EJ1TYVﬃ{R{R[3GIHKOP[UT"!GI¨[ «Z=oAHIZ=EoAOeZ=E5XJAHK{ MdeZfGIOPJAE5¨ﬀZ=TSoAHK[hZfGSZ=L2g=Z=E/GsZ=oA[UTXJAH¬{(Z=E/VvHIZ=N3GIOPNhZ=d;Z=+ 










































  B   J-ﬃ '  'ﬁﬃ '+&C 5'J-ﬃ '+./	0 5. ) 2'+& Ł=m
JAH IWﬃNs¨/­yZ=H UTKNs¨OPdPL NUOPHKNUM{ X[UHK[UENU[1NUJﬃJAHKLOPEﬀZfGI[ 
 1 vOPTKE[UH:Z=EL Wﬃ¨ﬀZ=HK  ?A?.qﬀC!  ZhV Z=EL  ¨OBGI[
 ?.}AﬁﬀC! vOPTKE[UH  ?A?ŁﬁﬀC! vOPdPdP[UHZ=EL5WﬃNUOeZ={(Z  ?A?_ﬁﬀJ3 @
	
WﬃMNs¨vZzL[UEJA{ROPEﬀZfGIOPJAERXJAHªGI¨[SNUJﬃJAHKLOPEﬀZfGI[ 	



































? 1§;MHKJAdPdeZ:Z=EL$¬JAtOPdPO ?.q/ŁﬃﬀJ3 @ªCFE5gﬃOP[3­ J=X;GI¨[^XZ=N3GGI¨ﬀZfGﬁ!ﬀOPEvoA[UE[UHIZ=dC!J=GI¨[UH
MENU[UHYGsZ=OPE/GIOP[UT OPE GI¨[¬TK [UNUO

NhZfGIOPJAERJ=XGI¨[¬HKJAtdP[U{ Z=HK[¬J=X$Z^NUJA{RﬀZ=HIZ=tdP[JAHKL[UH"!­[¬HK[Uo/Z=HKLRGI¨OPT
dP[3gA[UdﬀJ=XZ=HKJh2OP{(ZfGIOPJAE:Z=T Z=NUNU[U2GsZ=tdP[XJAHGI¨[cHK[UTK[UE/GMHK JATK[UTU@ªWﬃOP{ROPdeZ=H;L[UoAHK[U[UT J=XZ=NUNUMHIZ=N3V





































































































¨/VﬃTKOPNhZ=d;OPE/GI[UHKHK[3GsZfGIOPJAET"!HK[UHK[UTK[UE/GIOPEoHK[UTK [UN3GIOBgA[UdBV5GI¨[]GIHIZ=ETYX[UH¬J=X[UE[UHKo=V Z=EL {RJA{R[UE/GIM{







NUJATK{RJAdPJAoAOPNhZ=d TKNU[UEﬀZ=HKOPJ ­cOPdPdt [^HK[UTK[UE/GI[UL OPE WﬃMtTK[UN3GIOPJAE 1 ﬃ@B?A@B?/3 @




































[ MﬀZfGIOPJAETSt/V {R[hZ=ETSJ=XGI¨[ TYGsZ=ELﬀZ=HKL NUJAETK[UHYg=ZfGIOPJAE deZh­cT¬XJAH¬GI¨[ [UE[UHKo=V Z=EL {RJA{R[UE/GIM{|J=X




















































GI¨[ L[UoAHK[U[ J=XwZ=EOPTKJ=GIHKJA/V8J=XSGI¨[ HIZ=LOeZfGIOPJAE
nﬀMOPL@lCG(NhZ=E¢GsZ=[vg=Z=dPM[UTRHIZ=EoAOPEo XHKJA{ } XJAH
NUJA{RdP[3GI[ OPTKJ=GIHKJA/V GIJv_%&=m(XJAHwNUJA{RdP[3GI[:Z=EOPTKJ=GIHKJA/VA@] =[3V  JAOPE/GwOPE GI¨[:HK[UTK[UE/G^GI[UNs¨EO,M[
OPT1GI¨ﬀZfG Z=E [ 2HK[UTKTKOPJAE¦XJAH
	 




HK[UTK[UE/G:GI¨[([ 2dPOPNUOBG^XJAHK{jJ=XJAMH LLOPEo=GIJAEXZ=N3GIJAH]OP{RdP[U{R[UE/GI[ULXJAH]TYGIML2VﬃOPEo dPJAEo HIZ=EoA[
[UE[UHKo=V Z=EL {RJA{R[UE/GIM{|GIHIZ=ETYX[UHSLMHKOPEo(GI¨[ NUJATK{RJAdPJAoAOPNhZ=d MﬀZ=H ﬃ¨ﬀZ=LHKJAE ¨ﬀZ=TK[ GIHIZ=ETKOBGIOPJAE@
CFElTKOBGI[ J=XSGI¨OPT  XHK[U[ULJA{ 
ﬂOPE¢GI¨[ Ns¨JAOPNU[ J=XSGI¨[ NUdPJATKMHK[ HK[UdeZfGIOPJAE ![ 2 [UHKOP[UENU[ ¨ﬀZ=T(TK¨J.­cE
GI¨ﬀZfGyZ=TdPJAEozZ=TOBGITª[ 2HK[UTKTKOPJAE¨ﬀZ=TªGI¨[NUJAHKHK[UN3GZ=TYVﬃ{R2GIJ=GIOPN¬t [U¨ﬀZhgﬃOPJAMHªOPE1Z=E/VRHK[UdP[3g=Z=E/GydPOP{ROBGIT"!
HK[UTKMdBGITLJ(EJ=GSEJAHK{(Z=dPdBV1L[U [UEL TK[UETKOBGIOBgA[UdBVvJAEvGI¨[zHK[UNUOPTK[]XJAHK{|MTK[UL Z=TdPJAEo(Z=TOBG¬oAOBgA[UTSZ
TKMOBGsZ=tdBV1TK{RJﬃJ=GI¨ 4KJAOPEt [3GF­[U[UE GI¨[^dPOP{ROBGIT 1 ¬JAtOPdPO[3GZ=d @C ?_A_ﬁﬀC!vOPdPdP[UHZ=ELvac[""UJAdPdeZ ?A?ﬃﬀJ3 @
 ZOPEowMTK[J=XGI¨[TYGIHK[UTKT[UE[UHKo=V GI[UETKJAH 1m2@`Ł03Z=EL:J=XGI¨[dPOPE[[UdP[U{R[UE/G1m2@B?.}H3!=[ MﬀZfGIOPJAET
















































































































  B   J-ﬃ '  'ﬁﬃ '+&C 5'J-ﬃ '+./	0 5. ) 2'+& ŁA
MﬀZfGIOPJAET 1m2@B?Ł03  1m2@B?.kH3Z=HK[¬JAMH

EﬀZ=dﬀXJAHK{ J=XGI¨[¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=dﬀ[ MﬀZfGIOPJAETªXJAH GI¨[¬HIZ=LOeZ  
GIOPJAESnﬀMOPL^Z=EL]E[U[UL^GIJt [TKJAdBgA[UL^GIJAoA[3GI¨[UH­cOBGI¨wGI¨[NUJAHKHK[UTK JAELOPEoc¨/VﬃLHKJﬃL2VﬃEﬀZ={ROPNhZ=dA[ MﬀZfGIOPJAET
XJAHyGI¨[^TYGsZ=ELﬀZ=HKL5nﬀMOPL­c¨OPNs¨5­cOPdPdt [^LOPTKNUMTKTK[UL OPEvWﬃMtTK[UN3GIOPJAE ﬃ@B?A@B?A@
Ł=q   B   J-ﬃ '  'ﬁﬃ '+&C 5'J-ﬃ '+./	0 5. ) 2'+&




iﬀHK[U[ 1©ªWﬃ§ci 3uGI[UETKJAHKTZ=EL(ZwT=[3GINs¨1J=XGI¨[cNhZ=dPNUMdeZfGIOPJAETudP[hZ=LOPEowXHKJA{9[ MﬀZfGIOPJAET1m2@B?03  1m2@B?.qH3
GIJ 1m2@B?.H3  1m2@B?.kH3 @
	
  :4 z> ﬁﬃ;*U%f*































































































































































  1  *¢_03"1  *
53
		









































































































































T{R[UE/GIOPJAE[ULvOPE Wﬃ[UN3GIOPJAE 1m2@ mH3!ﬀ­[zMTK[zGI¨[]TK¨[UHKOPNhZ=dPdBVTYVﬃ{R{R[3GIHKOPN]dPOPE[^[UdP[U{R[UE/GA1m2@B?.}H3Z=EL
[ 2HK[UTKTKOPJAE 1m2@`Ł03$XJAHGI¨[yTYGIHK[UTKT[UE[UHKo=VzGI[UETKJAHuJ=XﬀGI¨[yHIZ=LOeZfGIOPJAE^nﬀMOPL@§¨[yJAHYGI¨JAEJAHK{(Z=d/GI[3GIHIZ=L
























































































































































































































































































































































OBGOPT¬ JATKTKOPtdP[^GIJ(HK[3­cHKOBGI[][ MﬀZfGIOPJAE 1m2@B?03yOPEvGI¨[]XJAHK{ 1m2@B?.H3 @ ﬂ[zHKJﬃNU[U[UL OPEvGI¨[zTIZ={R[^­yZhV



























































































EﬀZ=dPdBV(t [^HK[UNhZ=TYGOPE1GI¨[wXJAHK{ 1m2@B?.kH3 @
  B   J-ﬃ '  'ﬁﬃ '+&C 5'J-ﬃ '+./	0 5. ) 2'+& Ł=k
 $  6$% 9; 4

	 :)()M
 ;',"A% ﬂ% ﬁﬃ 
 ﬀﬂ'#5 $+./.  *'ﬃ ﬃD./ ﬀﬂ'#5 $+./.  *' ./ &"./

ﬁﬃ 'ﬃ ﬀ5ﬃ  &, - 5'ﬁﬃ '  ﬀﬂ'(  H&"&"./ 5'  ﬃ . ﬃD'Mﬃ H$*'+&, $B ) '+&, 'ﬃ H&/ﬃ '+./|B





  ﬀﬂ'# )& '-    ﬃD ﬁﬃ    ﬃ )./ $5 :B  '
2
: >H9ﬂ@ >ﬂF @C;=
E
>8@ 9
  ﬀﬂ'# &".  $%./  .  #   "&/ﬃ '   /.Mﬁﬃ 
    $ ﬁﬃ '+&+    ' 
 ,  J" $ -ﬃD +./ -MﬃD ﬃDM./M.  
ﬃDﬁﬃ-   ﬀﬂ'# $ ﬁﬃ '+&+1B

ﬀ .  ' )'+&    .  ﬃ ﬀﬃ ) C2.8&"&/ﬀﬂ  -/ﬃ  " L 5'J-ﬃ '+./  ﬀﬂ'#




./ﬀ)ﬃ '+./) ﬃ . ﬃD $*. + .  )J-ﬃ '  'ﬁﬃ '+&  5'J-ﬃ '+./  5. ) 2'+&1    -"M$*.,$%./ 




    ﬀﬂ- ﬃ5'#),.   ﬃD   1  /ﬃD. &"./) 'ﬁﬃ  .  - $*JH&'  ﬃD
ﬁﬃ'2,+*3"/+
);2,+ ﬁ].ﬀ;*Uﬁ^ﬁ 2% 
 2
u;,.ﬁ:6;ﬁf"f6 £
.    .  ﬃ ﬃﬂ)ﬀH-ﬃ '+./)   'ﬃ ﬃ 
' ﬃ  2.     1 ﬃ )./ 1B

    1 ﬃ )./  -"&".      "&/ﬃ '  
*h"Aﬀ'f*
'ﬃD &, .   $*J  ./ $B '+&,
    /ﬃ   B

  ')())'ﬃ ;)'+&  &, - ﬁﬀﬂ'ﬃ  ﬃ ﬁﬀﬂ&,-ﬃ   -ﬃ  ())'ﬃ  ./ )  &".  $*+/ﬃ  
 'ﬃD 2&+./ﬁﬀﬂJ-ﬃ '+./ )()  ./ ﬃD 0 ' .  *$B ) '+&, &"./) '#)-ﬃ '+./)1B

  ﬁﬃ   ﬃ )./ .   ﬃD  5'J-ﬃ '+./  ﬀﬂ'#A'C)() 2' ﬃ  2 .   ﬃD
f*3z6ﬁﬁ
 .  ﬃ 
% ;',£
Eﬁﬃ-  &"./),-ﬃ '+./ J  ﬃDA$*.  '#)MﬃD  5'J-ﬃ '+./; 5. 

 2'+&, ﬃﬂ)ﬀH-ﬃ '+./))'+&       ) '    ' #ﬁH H'J  C./  ﬀﬂJ-ﬃ '+./|B

ﬀ ﬁﬀﬂ'ﬃ +E&+./ﬁﬀﬂAJ-ﬃ '+./  C./  ﬃ ﬁﬀﬂ&,-ﬃ   )'+&  .    .  ﬃﬃﬂ)ﬀH-ﬃ '+./)E&, -
  'ﬃ ﬃ  ' ﬃ  2 .   
+f"!'ﬁ w););ﬀ.%  ﬀ"=.%
)'+& 0$*  -ﬃ    L$%./'ﬃ
ﬃD ) H"M.  %)'.8ﬃ .,$  .  
ﬃD 5'J-ﬃ '+./ (#B

 ﬁﬀﬂﬃ 6)..8ﬃ ) $%A) 'ﬃ '   ./LﬃD  C./  &./  C./ ﬃD &+./ﬁﬀﬂ J-ﬃ '+./2 +./ 




A}   B   J-ﬃ '  'ﬁﬃ '+&C 5'J-ﬃ '+./	0 5. ) 2'+&
      



















































































































































































































































































































































Dtd kYhktmikyxl'<kgihkYq1ktmin oe qŁ$l<uiuyFE1gie <q>gihlggihkYzl<~+Ł<mi<q uEl<~{k{gie yYkYe}ukte gihktme qWl'q e}uktq gimi%Ee}~
















































































 "# $%& '(%
. L
T®­#S































































d k l'mik-hktmik$~{<que}1ktmie qŁ>gihlgxz'gih Ehl<ukuhl]s<k-sl'qe}uhe qŁ<n o uyxl'n nr~+hktyYe}~tl'n E'giktq gie}l'n}uYu gihlgYgihk
Emikuiumik e}url` q~4gie <q$'JgihkgiktyFEktm+lgimik<qn o<#"~+hl'q$l<uiuyFE1gie <q-e}u ul'n n o:lŁ<1:<qk  <m En}l<uyxl<u@e q
gihkkl'min oprqe s<ktm+uk%$auktk\l'n}u`gihk\1e}ui~{uiue <q-e q"k~4gie <q'& &)(4
*,+r'gik:gihlgYe qgihk$~{n}l<uiue}~tl'nTgiktmiyYe q<n <Ł<oW'-" g+lgie}ugie}~tl'n/.k~+hl'qe}~tu`e gYe}uY~{<yYyY<qgi 1k10qk$l<u>jiuk~{<q


















































































































































































+r'gik-gihlg:l> <miyxl'n 1k10qe gie <q ' gihk$n 1~tlgie <q 'gihk Ehl<uk$e q giktmal<~{k$~tl'q zk$Ł<e s<ktq e q giktmiyxuY'gihk





















































































































Q£m pORN.o?U[]lXxdy£IO ¬  Q£m ¯ŁxdORsRLq\YxdUTQ














































































































































































































































































_eNPyVu}XZSVNPUTsSVU SVWPuTOR]T®¬4SVWP\vXwOR]l~]8OwXZN{x 	ﬀﬃ'   %r´juxdORr|TyxdsRx&xXwXZ\T]JSVUvXZ]8O~ xdL8]JSa~

d k\mik~tl'n n#gihlgrgihk\ E Ektme q1e}~{ku l'q l'mikuk-gixe q1e}~tlgik G l'q gie gie ku e yYyYk1e}lgiktn o$l'hkl<-'Tl'q
zkthe q$gihk	Ehl<uk\e q giktmal<~{kw he n k\n w@ktmre q1e}~{kuYl'qﬀl'mikuk-gie q1e}~tlgik G l'q gie gie kure q$gihk G l'mi-l'q
hl<1mi<q Ehl<uku/mikuEk~4gie s<ktn o<






















































































































































































	 	!" 	' ,S2+*@2ﬃH&































































































































R¦ \TSVyV]rop]=xdDQT]lXZNPUxXZSVNPUTs =§_a`EHNPO =§_a`EH,c¤gHw|TORNeQTuTL8]x sXqxdTyV]\xdQTORNPUµ|TyxdsRx}m






























Tﬁ ﬂﬃﬁJ( Kﬃ'(4N.eSVUTW@o?SaXZ\TSVUtx	    ﬂ f	ﬀﬃ'   %w´juxdORw|TyxdsRx}




























































































































































































e q gihkxn e yYe g ! 

&gihlg`lugimi<qŁ$~{< En e qŁ ~{<qug+l'q g\1e ﬃ#ktmiktq g













































































































































































































\TSVs:xd|T|TORNvxdLq\{SVs:xdyVsRNJL=xdyVyV]8Q Eg =gZ`jilc¤iqg ?ﬂGwc(?F?lkViZbH _£gc[sRL8]8UxdORSVNYxds§NP|T|©NPsR]8Q{XZN,XZ\T]
_¨cJEg =gZ`jilc¤iqg ?ﬂG§c(?F?lkViZbH _£gctsRL8]8UxdORSVNtSVUJo?\TSVLq\YTuTTTyV]:UjuTL8yV]=xXZSVNPU[SVsŁOZxXZ\T]8OŁSVUTQTuTL8]8QYvz[SV§¡
|TuTORSaXZSV]8s?xdUTQXZ\xX?\xds?©]8]8UtOR]8L8]8UvXZyazSVUvP]8sXZSVWvxXZ]8QxdWvxdSVUvz






























































































































































XZ\T]?OZxdQTSVuTs«xXFo?\TSVLq\\xdQTORNPU:TuTTTyV]8spxdOR]?]<V¤]8LlXZSaP]8yaz§UjuTL8yV]=xXZ]8Q²puTTTyV]8sFo?SaXZ\4OZxdQTSVuTs	 Iﬁ  ﬃ
XZ\xdUXZ\T]wL8ORSaXZSVL=xdy²NPUT]dmFSVU~ xdLlX=mo?SVyVy«©]SV44]8QTSxXZ]8yaz,~NPORL8]8Q&XZN,sR\TORSVUTYuTUTQT]8OXZ\T]w]<V¤]8LlXZs§Nd~




























\TORSVsXZSxdUTsR]8U&xdUTQ MxdQTsR]8U O P#PQ£m XZ\TSVsŁyVNeL=xdyF4SVUTSV@uT
\xds@sRNP4]wsR]8ORSVNPuTs§L8NPUTsR]8´juT]8UTL8]8s8mSa~ªSaX§SVsOR]=xdyxdUTQ{UTNdX±RuTsX:x,sR\TNPOXZL8NP4SVUTW,Nd~ªXZ\T]@uTyaXZSV|TyV]
c/hk~tl'n}~{n}lgie <q'&gihk miktkktqktmiŁ<o $ & ﬀﬂﬁ (Fhl<uzktktq Ektm <miyYkxw e gihe q:gihk=Ehktq<yYktq<n <Ł<e}~tl'nﬃ! "#%$&('*)































































































































































































































































































































































































































































































































































































































































WPUxXZSVuTs]lX:xdy£ O   1Q£m

\TORSVsXZSxdUTsR]8U












































































































































































































































ﬀKq Emie q~{e En k1gihk\yYkl'q- miktk#Elgih$'
gihkm+l<1e}lgie <qﬂe} El'mgie}~{n ku ~{<n}-zk`1e ﬃ#ktmiktq ge q-gihkgw@FEhl<uku 
ugihlg@e g/w@<n}Yzkqk~{kuiuil'mio\gi`mik{ ktmTgirl'q
"












sR    << λ
s λR    >>sR    << λ









CJe Ł<miku &   "1~+hktyxlgie}~FEe}~4gi<mie}l'nFmikDEmikuktq g+lgie <q>'@gihk:1e ﬃ#ktmiktq g`ug+l'Ł<ku'@gihkJEhl<uk
gim+l'que gie <qw e gihgihk(G l'mi En}l<uyxlYzkte qŁ:e q1e}~tlgik$w e gihgihkuhl<1k$miktŁ<e <qute}l'Ł<m+l'y
$al (uhwrurl/Ee}~4gimik`'Fgihk`q~{n klgie <q ug+l'Ł<k\w hktq gihkumise se qŁhl<1mi<qzzzn kuw e gih
~{mie gie}~tl'n&m+l<1e u
@
hl]s<k go Ee}~tl'n~{<yYse qŁYukDEl'm+lgie <q

w e gihe q-gihk`umimi<q1e qŁJG l'mi
En}l<uyxle}l'Ł<m+l'y $ z (/uhwru/luzuk G ktq grug+l'Ł<k w hktq-hl<1mi<q:zzzn ku yYktk{grl'q-ug+l'mg
Ektm+~{<n}lgie qŁ  w he n k 1e}l'Ł<m+l'y $a~ﬂ(uhwruxgihk  <n n w e qŁ ug+l'Ł<k>lg:w he}~+h hl<1mi<qfzzzn k
~{ l'n kui~{ktq~{k6Emi11~{ku
1e}ui~{<qqk~4gik G l'mimiktŁ<e <qutJprq1ktmJgihk k ﬃ#k~4g+u
'#umal<~{kgiktque <q 
gihkuk/miktŁ<e <qugiktq\gizk~{<yYk/uEhktmie}~tl'n1l'q`n kl<gi gihk@ <miyxlgie <q`'ktslE<m+lgie qŁG l'mi
1mi%Eu
w e gihe qgihkrumimi<q1e qŁhl<1mi<q En}l<uyxl'w he}~+hYl'mik uhw qe qx1e}l'Ł<m+l'y $a (4 C<mTl'n n
'gihkx1e}l'Ł<m+l'yxu gihkgo Ee}~tl'nF1e yYktque <q>'gihkx1e}ui~{<qqk~4gikG l'mi$<mhl<1mi<q miktŁ<e <qu








































































Nd~sRuTO~ xdL8]GXZ]8UTsRSVNPU O sR]8]QTSxdWPOZxd
L





































































































































































































































































































































































































































































































































































1ﬃ	'\ﬃ  ﬂ (TﬁJ4 %Kﬃ' ﬁY	  ﬁﬂ  f
	 ( Tﬀ Kﬁﬃ+ [ﬁ(% 	ﬀ 	' 
ﬀ&(    ﬁ(%
 %[ﬁ(%    %

ﬀﬃ ( x+	 <ﬁﬃ  1 +ﬀ
( ﬀr(
1ﬃ	'\ ﬃ(  % ﬁY	' 
ﬀ&( 	ﬁﬂﬃ "!#ﬂ$%
&'#ﬂ
	  ﬂ(Tﬁ    (  		[ ﬁ  ﬂ1( 	4  fﬃ4  ( )( %&	 @ﬃ'	'( ﬃ ﬁ tTﬁ( J  
ﬃ f%
(Tﬁ <ﬁ  @ﬃ'ﬃ	- @ﬃ fﬃ'%&Kﬁ  Kﬁ	 IﬁJ

)+*-,.!/102ﬁ3!&' @Tﬁ	' ﬃﬁ(
	+(  	- Kﬁ	  ( 
 	`	' 
ﬀ&( $ﬁ(%ﬀ@ﬃ' #ﬁ    4 
 Kﬁﬂ ﬁJTﬁ  Jﬀ

¸10&2 















   ﬂYTﬁ:1ﬀ@ﬃ'%ﬀ&  %>!ﬃ?;@@A:ﬂ TﬁJ Kﬁ'
 % ﬁ(D  ﬃ+ﬁ(Yﬃ'   (W	ﬀ 	' 
ﬀ&(  	 ﬀ
f   ﬂ<ﬁ /1 +ﬀ
( 
B




i<ﬁJﬀﬃ'	ﬀ % fﬃ  J J+ ﬁ	









	+(  J (  

!Dﬂ<F&1!D3ﬃE!G
+}+ J @Tﬁ	'	$ J 	 ( IﬁJx-	ﬁf 4 ﬃﬁJﬀﬃ'$ﬁ(%ﬁ J (  	'ﬃ ﬁﬃﬁJ4 %ﬁ ' ﬁ
ﬁﬂﬃH@'"ﬃE!IAGﬃ$) KﬁJ4ﬃ     J-%&ﬃ'%






 ﬃ+ﬁ ( ﬁfﬀ(rLﬂ$, CﬃE!DAG&-&';@@	  	ﬀ	ﬀﬂﬁ   (  		ﬁﬃ4 4 G1ﬃ' f$(ﬃ  f 	










  ﬂﬃ'  :	ﬀﬃ'    (  f	 @ﬃ' #ﬁ     	(  		ﬁﬃ4 ﬁ  	'  (ﬁD 	 f   ﬂ<ﬁ x (4/
ﬁ(% ﬁﬂ  ﬃ'%& (  4 Wﬁfﬀ(\	ﬀﬃ'    ( fﬃ'<ﬁﬂt %.\ﬁ (ﬀ   Jﬃ Y%&PO ﬃ'(  	




ﬀ ﬃ'   (
 Iﬁ  (%&+(
	NU  J  ( %
  ﬂﬃ' \&	ﬀﬃ'   ﬀ




(Tﬁ 	- @Tﬁ	'$ (4ﬃﬁﬂ 
B
F 	   ﬃ+ﬁ(/4	ﬃ'		YTﬁJ Cﬂ<"!ﬃ?	ﬁ / #!ﬃ?AG&'W #!ﬃ?ﬂ$ﬂ$
&'Xﬂ$ﬁ&2A/ @ﬃ'   %& ( 
:%
Tﬁ ﬂﬃﬁJ( Kﬃ'(  ( Y	' +ﬀ








	ﬀﬃ'    (   	-	 Iﬁ  +

	 ﬁ ﬃ'	ﬀ + /	ﬀ&t ﬁ 	t [ 	:(Yﬁ   4ﬃ'<ﬁJ$	'ﬃ'  ﬂ(
	

t[+`ﬃ'		'	 4I ﬃ+<ﬁ 4 ﬃﬁJﬀﬃ'

"$ﬁﬂ%&ﬃ'(  Jﬀ    	<ﬁ(  J`(ﬀ& <ﬁJ4 % +ﬃ$ 'f<ﬁ(
	ﬁﬃE!DW\;-T5,#AK,7
&'#ﬂU fﬀ
 J( ﬀ	\(ﬀ& <ﬁJ(W	' (Tﬁﬃ$Vxﬃ$ 'f<ﬁ(
	'@W ,!D%
ﬃ?ﬂ U  (
f  J( ﬀ	 (ﬀ& <ﬁJ(
	' (Tﬁﬃ$V

)W(ﬀ& <ﬁJ( f tTﬁ(
 	   #ﬁ	<ﬁ   %






&' ﬂ$%"ﬃ?ﬂ ﬁ(% 
 	=$ ( ﬀﬃ(' ﬃ'ﬃ@ﬃ'	'(	  f	   ﬃ+ﬁ(>	'<ﬁ   
ﬃﬁ(
	+(' Iﬁﬃ & (   ( T ﬁJ	
t ﬃ'  	 ﬀ % Tﬁ:1  J (@ﬃ'%ﬀ&  %) Kﬁﬃ  Jﬃ

 	U 	ﬀ ﬃ(?V-	'<ﬁ  -	ﬃ'( Jﬃ+	- 	 f   ﬂ<ﬁ @   ﬁﬂ

"f  J( ﬀ	(ﬀ& <ﬁJ(  ﬃ4f
 %&	 <ﬁ +ﬀ&	iﬃ>  Jﬀ    >%& 	+ﬁ( ﬁJ(ﬀ& <ﬁJ(

t ﬁﬃ'[  @<ﬁ   ﬂ$W\;@;
ﬃE! ( f(	 %
ﬃ1 % ﬀ	 ( Dﬁ ﬃ'  ($ (
f  J( ﬀ	
(ﬀ& <ﬁJ(  ﬃ4 " 1ﬃ=  KﬁJ4ﬃ ﬃ' 
ﬀ ﬃ'	 ﬁDﬃ'<ﬁJ (    % @Tﬁ	'  '
f<ﬁ(
	>:@ﬃ'   @ﬃ'		( 	t &	 4 <ﬁJﬀ	' :<ﬁ &(		:	' 	t &	=
ﬃ'  ﬁﬃ'%  @ﬃ'	'(61ﬃ	( - (




;Yﬂ<".	1ﬃ?ﬂ \ @Tﬁ	' ﬃﬁ(
	+(''
ﬀﬂﬁﬃ  Kﬁ	 Iﬁ>ﬃ'  ﬂ(
	% J  fF3#@ﬂ
AG&'#ﬃ?AK"ﬃ?3 ﬁ(% ﬃ:J.C&1!7"ﬃ 
   J    (  	 @ﬃ<ﬁ -ﬀ(%




) <ﬁ ﬃﬁJ( $	 (  I 	' KﬁJ4 %





t x	 fﬀ ++ﬁ( ﬀ	YO  	L!3#
7
&'
3ﬃ?AG&', ;@@	 ﬁ(%>Z#.!"['&' T5, ﬂ$,  #!ﬃ?ﬂ$ﬂ$
&' ﬁJ  @Tﬁ	' (4ﬃﬁﬂ     ﬂ <ﬁﬂ%*4
 (4ﬃ'	 ( f (
	' 
ﬀ&( 	$iﬃ -	ﬀ 	' 


































?¦ XZ\T]ŁQ}zeUxd4SVL8sªNd~x§QTSVsRL8NPUvXZSVUjuTSaXzsRuTO~ xdL8]Ł4N.eSVUTW4xdsx@op]=xdQT]<U³xdWPOZxXZSVNPUw~ORNPUvX 











































 ! ! ! %  	  & & !
 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































QTSVsRL8uTsRsRSVNPUtNd~XZ\TSVso?SVyVy¤©]ŁWPSaP]8UtSVU _e]8LlXZSVNPUTs }®¬§xdUTQ } P} P}






























































































































c*/he}u`umimi<q1e qŁyYk1e y w e n n@zkgihk G l'miEn}l<uyxle qWgihk-~tl<uk' hl<1mi<qzzzn k:Ł<miw/gihl'q gihk






















































































	    	 ﬀ	 ! ! ﬀﬂ !


































Lq\TNPsR]8U@|xdOZxd4]lXZ]8ORsSVUNPORQT]8O XZNL8NP4|©]8UTsZxXZ]«~NPO yxdLqGNd~jUTN.o?yV]8QTWP]xd©NPu}X XZ\T]«sR|xXZSxdyjQTSVsXZORSVTue¡
B ﬀ gxuh<n} zk-q'gikWgihlgYw he n k:gihk-%E1gie}~tl'n n o gihe q miktŁ<e yYk:~{<mimikuE<qu\w e gih gihk-e qe gie}l'n ug+l'Ł<ku\'rgihk
zzzn kŁ<miw/gihxl'qgihk%E1gie}~tl'n n o`gihe}~+miktŁ<e yYk~{<mimikuE<quFw e gihxgihk0ql'nug+l'Ł<kuF'ﬂgihkrŁ<miw/gih <k/El<~4gin o`gihk





























UT]Nd~XZ\T]8sR]SVs	ﬀ @ﬃ'		(   #ﬁﬃ4
([(ﬀ   Jﬃ xdL8ORNPsRsªXZ\T]|T\xdsR]SVUvXZ]8O~ xdL8]
L
KM|T|TyV]8WvxXZ]





























QFxdUTQo?SVyVy ©]QTSVsRL8uTsRsR]8QYSVUQT]lXqxdSVySVU _euTTsR]8LlXZSVNPU } P} P}m¤SVUvPNPyaP]8s
XZ\T]sXqxdUTQxdORQ*UuTSVQTs§Nd~sXZORNPUTWPyazSVUvXZ]8OZxdLlXZSVUTW,|xdOXZSVL8yV]8s§xdUTQXZ\T]OZxdQTSxXZSVNPUDUuTSVQNd~|xdOXZSVL8yV]8s
\x=eSVUTW:NPUTyaz]8yV]8LlXZORNPxdWPUT]lXZSVLGxdUTQop]=xdSVUvXZ]8OZxdLlXZSVNPUTs8
p]8sRSVQT]8sXZ\T]xdOzPNPUUjuT@©]8O:	'  ﬂﬃ'  ﬁJ (  f tTﬁ(















































































































sR]8] _euTTsR]8LlXZSVNPU T T®¬#S
KMs?x@OR]8sRuTyaXªop]ŁNP}XqxdSVUx@sRSV4|TyV]xdUTQL8NP4|xdLlXª]}|TOR]8sRsRSVNPU~NPOpXZ\T]GxdOzPNPUtUjuT@©]8OªQT]8UTsRSaXzwSVU

















































































SG\TNPyVQTs©]lXop]8]8U xdUvzYXopN,WP]8UT]8ORSVL|©NPSVUvXZsSVUYXZ\T]XopNJ|T\xdsR]8s8  X@SVs
OR]=xdsRNPUxdTyV]tXZN&xdsRsRuT4]tXZ\xXwWPyVNPxdyªLq\T]84SVL=xdy]8´juTSVyVSVTORSVuT"\TNPyVQTs:o?\T]8UBXZ\T]tP]8yVNeL8SaXz Nd~XZ\T]





















































































¬e PﬂS  ~xdOzPNPU UjuT@©]8O§op]8OR]t]8UvXZSVOR]8yaz&L=xdORORSV]8Q xdyVNPUTW,o?SaXZ\{XZ\T]\vzeQTORNeQ}zeUxd4SVL=xdyUN.oxdUTQ

















































































































































































































































































































































































































































































o?\TSVLq\tSVs?sRuTSaXqxdTyazwQT]lUT]8QSVUXZ\T]ŁTuTyVwNd~XZ\T]UN.o O   T}XZ\T]ŁQTSaV¤uTsRSaP]UuetNd~xdOzPNPUtUjuT@©]8O
L











L8NPyVyV]8LlXZSVNPU,Nd~p|xdOXZSVL8yV]8sL8NPUTsRSVQT]8OR]8Qxdsx  ( (ﬀ
ﬀ t@KMsŁuTUTQT]8ORyVSVUT]8QYxd©N.P]dm XZ\T]8sR]:]8´juxXZSVNPUTs



















Dtd k\q'gikgihlgrgihe}u~{<q1e gie <q1ku q'g lE En o <m gih uk 0ktn} H gihkt<mio:lE Emi l<~+hku/e qs<<n se qŁxlx~{<q gie qy
<m+1ktm El'm+l'yYk{giktmTgiY1e}ugie qŁ<e}uhxgihkgw@ Ehl<ukuTq1ktmiŁ<<e qŁgihkgim+l'que gie <q& /he}u@lE Emi l<~+h <w he}~+hhl<uzktktq
















(/hl<uu<yYk\Ł<miklgl<1sl'q g+l'Ł<ku@ <mrgihk	Emikuktq g ~tl<uk'T~{ uyY<n <Ł<e}~tl'n Ehl<ukgim+l'que gie <qu z1g
l'n}u lqy`zktm\'r1e ~{n gie ku`w hktqyY<mik~{<yFEn e}~tlgik y`n gie}~{<yFE<qktq g ﬂwruqktk gi zk:~{<que}1ktmik $auktk
l'n}u	"zuk~4gie <q

















































o?SaXZ\wXZ\T]ŁQ}zeUxd4SVL8sªNd~ XZ\T]GSVUvXZ]8O~ xdL8]dmUxd4]8yaz4XZ\T]GQT]lUTSaXZSVNPUNd~x ETbvhBZgc_ .bH _£gc BRbHiªxdUTQXZ\T]
QT]8ORSadxXZSVNPUYNd~?xtszesXZ]8 Nd~ªLq\xdOZxdLlXZ]8ORSVsXZSVL]8´juxXZSVNPUTs|TORN.eSVQTSVUTWxL8NPOROR]8LlX@L=xduTsZxdy²~OZxd4]lopNPOR
UT]8L8]8sRsZxdOz~NPO?x§UjuT4]8ORSVL=xdyL8NP4|Tu}XqxXZSVNPUuTsRSVUTW:XZ\T]Ł|TOR]8sR]8UvXxd|T|TORNvxdLq\
 	 "   	$ 



















































































































































































































     ﬃ   # "!    $ 




























































































































































































































































































































































































































































































































































































































































































































































%C&G	  &  	ﬂ.&#H.&	 %=



















































































































































































































































































































































































































































































































































































































































































































































L8NPUTsR]8OdxXZSVNPUNd~4NP4]8UvXZuTﬀxdU  (ﬃKﬁ ¤NPUT]dm]}|TOR]8sRsR]8QSVUXZ]8OR4sªNd~XZ\T]ŁxdL8L8]8yV]8OZxXZSVNPUNd~XZ\T]


































































































































































































































































































































































































   	  ﬀ	 
	 !     
	 !
KMs§QTSVsRL8uTsRsR]8QrSVUQT]lXqxdSVypSVU _e]8LlXZSVNPU T P}mop]=xd&QT]<U³xdWPOZxXZSVNPUTs§OR]8´juTSVOR]4SVUTSVxdyFL8NPUTQTSaXZSVNPUTs@SVU
NPORQT]8OXZN©]|TORNeQTuTL8]8Q@o?SaXZ\TSVU@L8NPsR4NPyVNPWPSVL=xdyvsRL8]8UxdORSVNPsFxdUTQ@XZ\juTsFOR]8|TOR]8sR]8UvXFXZ\T]4NPsXF|TORNP4SVsRSVUTW




















































































































































































































































































































































      	 
	  
	 !























































































































\T]8sR]tQTSVOR]8LlXZSVNPUTs§xdOR]wXZ\T]8U L=xdyVyV]8Q ?ETbBRb&?<Hi<B_ G 	






CTbBRb!gkn_i?Sa~ªXZ\T]Lq\xdOZxdLlXZ]8ORSVsXZSVL8s:xdOR]wOR]=xdyªxdUTQL8NPSVUTL8SVQT]8UvX:xdUTQ ilk¨kn_ CH _i?Sa~?XZ\T]wLq\xdOZxdLlXZ]8ORSVsXZSVL8s
xdOR]?L8NP4|TyV]:xdUTQ4L8NPU¥±RuTWvxXZ]
L

























































































































































































































	 -S O-	KH	ﬂ%= 'ﬃﬀ&&  ; ﬁM&G	ﬂ





















































	 ﬃﬀ&G 	ﬂ 
ﬂKﬀ



















































































































































































































































































































































































































































































































































































 ~op]UTN.o SVUvXZORNeQTuTL8]GXZ\T]WG<H bHi di?<HgB




























































































































































































































































































































































































































































































































































































































































































\T]«L8NPU}WPuTOZxXZSVNPUNd~}Lq\xdOZxdLlXZ]8ORSVsXZSVL²L8uTOP]8sFxdQ¥±ZxdL8]8UvX XZN?XZ\T]«SVUvXZ]8O~ xdL8]²SVs sR\TN.o?USVU SVWPuTOR]
































































































I ﬀ' &!ﬃ' ,M&
















ﬂ&HM'#&  	'QH!	/ 
	;&'.&	G






























































































































































































































































































































































































































































































































































































































































































































































































































 +  /E ﬀJIJ; 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































XZ\TSVs:Lq\TNPSVL8]xdUTQ OR]l~]8O8mSVU |xdOXZSVL8uTyxdO8mFXZNYXZ\T]SVUTSaXZSxdypL8NPUTQTSaXZSVNPUTs§~NPO§XZ\T]tOZxdQTSxXZSVNPU UuTSVQ{~NPO
\xdQTORNPUTuTTTyV]ŁWPORN.oªXZ\













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































	'ﬃ  J %f (D4ﬃ  	-ﬁWH,#;%@AG&'W C&'ﬃ?'T5,#@3  #!&1ADﬁ* ( 
t  %
(Tﬁ 	
 )ﬂ<"#3.!D3 T5,#@3#ﬂ`ﬁ !3#
7
&' T5,#@3Nﬁ(% ﬁ GZ#.!"['&' -,#W>ZCﬃE!>T5,#@3 ﬁﬃ'
i    % 	 fﬀ ++ﬁ( ﬀ	 

)Yﬃ' KﬁJ1 	\%&ﬃ'%
(Tﬁ <ﬁ @ 
ﬀﬂﬁJ(
	`iﬃY	+ﬁ(%Jﬁﬃ'%  ﬀ%&	ﬁﬃ' J+ﬁ ( % ﬁ{4ﬃ







&'#ﬂ  @ﬃ'		' %
 (D4ﬃ  	-W4+ﬁ /	ﬃ'		 (ﬃ   4(





&' T5,#@3 ﬁ(% f(ﬃ  ﬁ(% ff(ﬀ  TtTﬁ( J	
+ [	+ﬁ(%Jﬁﬃ'% (	[ﬁﬃ'[i    %  ' f<ﬁ(
	 >ﬁ  ﬀ  %	4
	4  ﬃﬁﬂ%&KﬁJ(
%&ﬃ'%
(Tﬁ <ﬁ  
ﬀﬂﬁJ(
	ﬃ+4( ﬀ	 (  

Niﬃ Iﬁ   	  

)%
(Tﬁ 	`  GZ#.!"['&' -,#W>ZCﬃE!ﬀT5,#@3I 	i    %  ' f<ﬁ(
	@ﬁ$ﬃ' KﬁJ1 	
%&PO ﬀ	(  
ﬀﬂﬁJ([iﬃ  #ﬁﬃ4
([(ﬀ   Jﬃ ( 	 @ﬃ<ﬁ  	4  fﬃ4

)-%&ﬃ'%
(Tﬁ <ﬁ  
ﬀﬂﬁJ(
	FAG#&MZCﬃ @'"ﬃE	1!7"ﬃ?3 AG!&'ﬂ$ﬂ  @Tﬁ	'$ (4ﬃﬁﬂ 

tW 	ﬃ'ﬃ'<ﬁJ4 %>ﬁ	ﬁF3#@ﬂ$AG&''@-,#%=[ ﬂ$,!IAGﬃx)
 	 iﬃ' 	Yxﬀ	'YFﬁ  ﬁﬃﬀ Kﬁﬃ





	iﬃ  W\ﬃ:"!D@A I ,##AK
&'#ﬂ/iﬃ> (ﬃ   ﬁ(%
ff(ﬀ  x ﬂ<"#3.!D3 T5,#@3#ﬂﬁ(% xﬀ!3#
7
&' T5,#@3ﬁ	   ﬁ	$ﬁI ( ﬀ
(ﬀ+   
ﬀﬂﬁJ([iﬃ> ﬃ:MZ#.!"['&' -,#W>ZCﬃE!MT5, (  % 4  J$	' 1 %)	ﬀ((
 (%&+(
	:ﬁﬃ'%
ﬃ1 %fi    (  2@	',#;
.! [ CﬃE!Dﬂ$,!IAGﬃ ﬃ:ﬁ&23`

) ,##3ﬃE!D3ﬃ:"ﬃE!DW @AK[   <ﬁ N%
Tﬁ ﬂﬃﬁJ( %
	'ﬃ   (   f(N 
@Tﬁ	': (4ﬃﬁﬂ $<ﬁ(  J     (TﬁJ4 %  ' 	   a





 @ﬃ'		( iﬃ 
 	<ﬁ(ﬂ J %
ﬃ1 %  ( 4ﬃ  	xﬀﬃ?ﬃE!	[ T5, ﬁ(%  ﬁ'[3!&232[
W @AG; T5,*ﬁﬂﬃ'		 - (4ﬃﬁﬂ 

 (  <ﬁ %
Tﬁ ﬂﬃﬁJ(
	ﬁﬃ' ﬂ$,Zﬂ&'#@A?/+\ 	  ﬁﬃﬀ Kﬁﬃ    ﬃ+ﬁ(4 Tﬁ:1 ﬁMAG&1! 
!ﬃ?AKHAG,#ﬂ; "!ﬃE7W\ﬃ?'& )
 	<ﬁ(  J ﬁﬂ      	 %  ' f<ﬁ(
	  ADﬁ.!AK"ﬃE!D@ﬂ<@A
ﬂ$ADﬁﬃ?W\ﬃ  ('1 1 (  	' +ﬀ
( %&ﬃ'%
(Tﬁ <ﬁ  
ﬀﬂﬁJ(
	 ﬃ+4( ﬁ	ﬃ'%& (Tﬁﬃ4




)>ADﬁ.!AK"ﬃE!D@ﬂ<@A A:,!"J'ﬃ?ﬂ  ( ﬁ  ﬀ%N<ﬁ(  J ﬁ		'KﬁJ4 % + D%& ﬃ' (
	f (
	  ﬁﬂ  fWﬁ (  
tD	'(
%& 	ﬀﬃ  #ﬁ( 	@ﬃ' ﬁ ﬁJ4XU iﬃﬁﬃ'% ﬁ(%ﬂ #ﬁﬂt ﬁﬃ'% tTﬁﬃ ﬀ
ﬁﬂ4ﬃ 		 V$ﬁ(% +D  ﬀ%  !  (	 UKﬁﬂ%'1 1>tTﬁﬃﬁﬂ4ﬃ 	V


















































































































































/hkto:l'mikk ﬃ#k~4gie s<ktn ox <mr1e}ugie q~4gqyYktmie}~tl'nﬂ~{11kut

































































]8SaXZ\T]8OwxX =§_ h  ¥gc¤iw`B_ h[Cg_¨cFHKG
L
SVUTQTSVL=xXZ]8Q o?SaXZ\rUTNPUe¡SVUvXZ]8WP]8OUjuT@©]8ORsxdUTQBL8ORNPsRsR]8swNPUrXZ\T]











































































 ﬁ "1~+hktyxlgie}~ uEl<~{k{gie yYkugimi~4gimik '<m ~{<yFE1g+lgie <ql'n#Ł<mie}ﬂ+r'gikgihkEmikuktq~{k '
gw@ug+l'Ł<Ł<ktmik\Ł<mie}u w e gihgihk Emie yxl'mio\<qk/zkte qŁe q1e}~tlgikw e gihYh<mie "t<q g+l'n1u<n e}`n e qkuTl'q\gihk
e q giktmiyYk1e}lgik gie yYk HKuhe gik:<qk1zkte qŁYe q1e}~tlgik:w e gih$l<uhk:h<mie "t<q g+l'nn e qkut $ 'ﬃ!$ &( 
l'q #
	 &$ '/Ł<mie} E<e q g+u l'mikuhw q-w e gih~{e m+~{n ku/l'q-~{mi uiuku@mikuEk~4gie s<ktn o1w he n k  ql'yYktq g+l'n
gie yYk n kts<ktn}ul'mikre q1e}~tlgikxw e gih:e q giktŁ<ktmqy`zktm+uT<qxgihkmie Ł<h g'ﬂgihk1e}l'Ł<m+l'y l'qxe q giktmiyYk1e}lgik
gie yYkn kts<ktn}uFw e gihxq<qH e q giktŁ<ktmFqy`zktm+uT<qgihkrn k{grn}u\uhw qYw e gihl'mimiwru
e}u
gihkrgo Ee}~tl'n1gie yYk
kts<<n 1gie <q ugim+lgiktŁ<o <myYe} "t<qk\sl'mie}l'zn ku $a~{<q gie q<ul'mimiw@k:n e qku ( l'q$ <m "t<qk\z<ql'mio




WPORSVQ,|©NPSVUvXZs O  
¸
.
























































































































XqxdUT]8NPuTsRyaz,SVUJXZ\T]§WPORSVQJ¶8NPUT]8s O  
	¸
.

























































































_euTTsR]8LlXZSVNPU  e®¬e &SopNPuTyVQ xdyVyVN.o°~NPOXZ\T]*Fﬁﬂ§XZOR]=xXZ4]8UvX
¸
 





































































































































































  	 	 ﬀﬂ! #%  !# 	 



































































































































































































































 ﬀ   ktŁ<mie}1e qŁugim+lgiktŁ<e ku` <ml'qI<1gw/l'm+ yYse qŁ> mi<q g $  E Ektm:1e}l H
Ł<m+l'y	(JukYe qYgihk~tl<uk 'ﬂzzzn krŁ<miw/gihxl'q <ml'qxe qw/l'm+`yYse qŁ mi<q g $ n w@ktm






















 ﬀ fﬃ<ﬁ  @ﬃﬁJ4  ﬂ	-ﬁ(% $	ﬀ +	
NPORQT]8ORsMNd~FxdWPUTSaXZuTQT]ŁSVUXZ\T]TuTTTyV]NPOQTORNP|OZxdQTSVuTsMxdUTQXZ\T]lztd]8]8|JL8NPUTsXqxdUvXMXZ\T]UjuT@©]8OMNd~
¶8NPUT]8so?SaXZ\TSVUŁXZ\T]«TuTTTyV]pNPO XZ\T]«QTORNP|md\T]8UTL8]xdSVUvXqxdSVUTSVUTWOR]8sRNPyVu}XZSVNPUxdUTQUjuT4]8ORSVL=xdyjxdL8L8uTOZxdLlzP
  	      &	& 
	 !  !  #  ! &	
	 !

















































































































































































































































































































































































































































































































































































































































































































































































































































P  r¬   S
 
L












































































  P   S
L































































































































































































































































































































































































































































































































































































































































































































































































































































   	 	 




































































































































































































































































































































































































































































%C 6O-	BﬁMﬃ& 	?!" 	ﬂ
%C&G	?0
	ﬂﬁﬃ































































































































































































































































 ﬀ fﬃ<ﬁ  @ﬃﬁJ4  ﬂ	-ﬁ(% $	ﬀ +	
 














































































































































 ﬀ fﬃ<ﬁ  @ﬃﬁJ4  ﬂ	-ﬁ(% $	ﬀ +	


























sR]8ya~FsRSV4SVyxdOp\vzeQTORNeQ}zeUxd4SVL8sNd~Fx4QTORNP|\xds©]8]8U|TOR]8sR]8UvXZ]8Q/U _euTTsR]8LlXZSVNPU } P}®¬@op]|TOR]8sR]8UvX
L8NP4|TyV]lXZ]M\vzeQTORNeQ}zeUxd4SVL=xdy¤L8NP4|Tu}XqxXZSVNPUTs«o?\TSVLq\xdSV4]8QxXP]8ORSa~¨zeSVUTWXZ\T]MdxdyVSVQTSaXz:Nd~ XZ\T]sRSV§¡
SVyxdORSaXz&sRNPyVu}XZSVNPU ~NPOxdUr]ldxd|©NPOZxXZSVUTW´juxdOR{QTORNP|xdUTQr~NPO:o?\TSVLq\rXZ\T]OZxdQTSxXZSVNPU{QT]8L8NPuT|TyVSVUTW







    	 	 












































































































































D{dfhktq\gihk/ue yYe n}l'mie gou<n 1gie <quJ1e}ui~{uiuke q"k~4gie <qﬀ1  l'mikuk <mgihk G l'mi=Ehl<uk<qk@uh<n}mikDEn}l<~{k
gihkktqktmiŁ<o1ktque gozo $ (/l'qgihk#Emikuiumik$zo $  	 (@kts<ktmiow hktmik<
!




 ﬀ (w e gih-gihkyYe qu ue Ł<q& /he}u/e}u/gihk%E E ue gik'




 ﬀ fﬃ<ﬁ  @ﬃﬁJ4  ﬂ	-ﬁ(% $	ﬀ +	




















































































































































sR\TN.o?U:SVU SVWPuTOR]¬e TmPSaXL=xdU§©]sR]8]8U§XZ\xXXZ\T]pP]8yVNeL8SaXz|TORNdyV] ±RuTsX²©]8\TSVUTQXZ\T]ª|T\xdsR]ªSVUvXZ]8O~ xdL8]




















}®¬  #S«|TORN.eSVQT]xdyVy¤Nd~XZ\T]ŁQxXqx:OR]8´juTSVOR]8QtNPUXZ\T]Ł¶8]8ORN¡ XZSV4]\vze|©]8ORsRuTO~ xdL8]d






































  ﬀ fﬃ<ﬁ  @ﬃﬁJ4  ﬂ	-ﬁ(% $	ﬀ +	
¸.·
P
       !% 























]o?SVyVyŁORsXYQTSVsRL8uTsRsJXZ\T]{OR]8sRuTyaXZsJNP}XqxdSVUT]8Q ~NPOXZ\T]~NPyVyVN.o?SVUTWrL8NP@TSVUxXZSVNPU Nd~4dxdy ¡









































































































w@<mgihq'gie}~{e qŁ gihlgFgihk u Ektm+~{<n e qŁlg
gihe}uTug+l'Ł<k@'gihk/gim+l'que gie <qY1ku
q'gFqktk`gizk k/EgimiktyYktn o








UTSVsR o?\TSVLq\:xd4|TyVSa]8s XZ\T]pXZ]84|©]8OZxXZuTOR]pQTSaV¤]8OR]8UTL8]©]lXop]8]8U§XZ\T]pXopNGsRSVQT]8sNd~TXZ\T]SVUvXZ]8O~ xdL8]xdUTQ
SVUTL8OR]=xdsR]8sXZ\T]§´juxdOR]ldxd|©NPOZxXZSVNPU,OZxXZ]dKMyaXZ\TNPuTWP\,XZ\T]:xdOR]=xwNd~²XZ\T]@QTORNP|[sRuTO~ xdL8]§SVsOR]8QTuTL8]8Qm
XZ\T]ŁP]8yVNeL8SaXzNd~XZ\T]]ldxd|©NPOZxXZSVUTW:xXRXZ]8Oª\xds©]8L8NP4]ŁyxdORWP]8OxdUTQXZ\TSVs?|TOR]8sR]8OP]8sGx:sRSVWPUTSaL=xdUvX
















































]}|xdUTsRSVNPUNd~¤XZ\T]UTSaP]8ORsR]dm}xds«sRuTWPWP]8sXZ]8Qwvz¯Łx.±ZxdUvXZSV]xdUTQw¯GuTORjS ¡t_euTNPUTSVN O #RQ£meTu}XpOZxXZ\T]8O«vz

ﬀ gxe}ue yFE<mg+l'q ggiWq1ktmin e qk-gihlgxw@k-hktmik$ugi%E <mx~{<yFE1g+lgie <quYlg 
 ﬁ- y zk~tl'uk$lgYgihkuk
n ktqŁ'gihui~tl'n ku gihkxw h<n kxq1ktmin oe qŁ$ho11mi11oql'yYe}~tl'nFlE Emi l<~+h>e}u\~{kl<ue qŁ:gizkxsl'n e}Wl'q <mmikun g+u  <m
gihkYuyxl'n n kug m+l<1e e
uh<n}<qn o$zk`gimiklgik l<ue q1e}~tlgie s<k< ﬀKq>'gihktm w@<m+u e ge}uq:n <qŁ<ktm uktque zn k\gi-ukl

	 &1kui~{mie E1gie <q: <mrlFG l'mi:1mi%E$~{<q g+l'e qe qŁ<qn o:s<ktmioY ktw G l'mi1ut









































































































































































































































































1e ﬃ#ktmiktq g\sl'n ku'@gihkumal<~{kgiktque <q


 /hkxmiktn}lgie s<kYsl'mie}lgie <q>e}uktsl'n lgik
zk{gw@ktktqgihk 0ql'n l'qgihke qe gie}l'n sl'n ku&'1gihkmiktn ktsl'q gsl'mie}l'zn kTw he}~+h\e}uuhw qe q
gihk0m+ug@~{<n yYq&rktmik

e}uFgihkm+l<1e}l'n~{<yFE<qktq g'ﬂgihkre q giktmal<~{k  <mH s<ktn 1~{e go
l<uryYkl<umik$zo$l'q
	Tn ktmikl'q$<zuktmis<ktm rn n

































































































































































































































































































































 ﬀ fﬃ<ﬁ  @ﬃﬁJ4  ﬂ	-ﬁ(% $	ﬀ +	
         !
	 ! 
 	   # 	 

























































































































































































ﬃ    	 ﬀﬂﬁﬃ
6%55	7Y-*?I63ﬀ*	+G-71-6%8*'((89*+O+2Y&(')ﬀ*	+M1-*RK*6=ﬀ63ﬀ(K	&	&8O	+>6%+8I+?O(*'76%
















ﬁﬃ L"#3.!D3  .!W\ﬃ:"ﬃE!Dﬂ
























































































	  	ﬀﬀﬂﬁﬃ 	ﬃ!"ﬃ# %$% &')(*+	(-,ﬃﬀ.ﬃ!/!0 1ﬃ#2 &435+	*6#7ﬃ98:ﬁ/ﬃ;,ﬂ	 =<
	!> & ?+ﬂ/(!>#7)(ﬀ@(!+*Aﬃ#B &@/!ﬂ<>*/!+C	 =<Dﬃ#B &@C9 (!+*+(E)*A35+	*+CGFH&
I
+(EJG.5&+(C9B	C2 9ﬃ4 &Bﬂ#7 ﬃ#
 &1ﬁﬂ 	,ﬂ(%*+	C,ﬃ!0 	!+	 =<?&1*/,ﬃ.5	!LKﬂ =MNﬂ/!O &
























































ﬃ#f*ﬃ4	!+(!0 fﬃ.+.5ﬂL	/, C'(E ﬀ &Wﬁﬂ< /!+* ﬃ#f & *ﬃ. ﬂﬁE(E.ﬃ)(E 	ﬃ! 






















	TﬀT8	5 ﬀ6%8*>H6%U8('(76%(8 ;:a	+G	8(W	%?I6%+*Rﬀ8%1 ﬀ






















6%ﬀ6%+*E6%+e	(J_(Ig*Rﬀ (5A(')Iﬀ	 6%+ ((+;ﬀ*E6%R:e+*R




























0  G ,l\P	%ﬀﬀH63	>	55('(	+ 
ﬀ*-ﬀ*	+[6%6%R467:&^5((+;63qﬀ(ﬀ48('(	5*+U6%+8G6%4?O	4)_&*8(+;\*+Lﬀ(+(%:LFH&Y 1






























































	    	ﬀfﬂﬁﬃ 	ﬃ!Xﬃ#
C9 (!+*+(E)*G35+	*+CN,ﬃﬀ.+/CC	ﬃ!G#V(, 9ﬃ 5?&c,ﬂﬁ/C	!
 &fC4(+*+	(E)( ﬂ.+/C9/!0 - &YﬁE(/C-ﬃ#  &Y,ﬃﬀ.+/CC	ﬃ!4#V(, 9ﬃl	4ﬀ/*+	(E 9/<L(&/(*
ﬃ#c &W.5&+(C9 	!0 9ﬂ#V(, 





































































































































































	!+( .+ﬃ 5fﬃ#  &P,ﬃﬀ.+/CC	ﬃ!X#V(, 9ﬃ  




*+	(E)( C&ﬃQMYCﬂ$MY	 &S(P*+	 ﬂ/!0 ﬁﬂ 	,ﬂ(;/C9ﬃ 	ﬃ! $E &2C(ﬀl.+ﬃ 5l(E#7 9ﬂ































6%Wﬀ):a((? ﬀ	j	 ﬀH63WﬀG?O	JU*?O5A	J!6%+;>8 (')=*>ﬀG'(	?O5(*	+d*+'(76%G*+cﬀ
xH6%k@5H6%g(76%(1&*+@]6%')71ﬀ(E63ﬀ*R_'(	?O5(*	+G*+'(76%*+@ﬀgH6%8	+G5H6%g*\6%	































































































	   wﬃ(E)	 &+4C2ﬃ#  &1,ﬃﬀ.+/CC	ﬃ!X#V(, 9ﬃ)CY	4ﬀ/*+	(E 9/<'(&/(*
ﬃ# (!+*4K/&+	!+*S &.5&+(C9Y	!0 9ﬂ#V(,YMY&/!ﬀ &)(*+	+Cﬃ# &
I
+(EJL*ﬃ.'&+(C
*/,/(C9/*  9ﬃ 4#VW$





*+(C&/*O,ﬂﬁ/CY	; 9)(E.ﬃ(E 9S &S!+ﬀﬂ)	,ﬂ(w/C+ C 9ﬃ'ﬁﬂ<OC4(wﬁE(/Cﬃ#

X

















































	    Nﬃﬀ.+/CC	ﬃ!G#V(, 9ﬃY	4ﬀ/*+	(E 9/<'(&/(*Wﬃ#% &P.5&+(C9P	!0 9ﬂ98





-&PC4( *+	(E)( C&ﬃQMYCl &c
I
+	ﬁE(/!0 l,ﬂﬁ/C2#7ﬃ2 &P,ﬃﬀ.+/CC	ﬃ!
















































	     Nﬃﬀ.+/CC	ﬃ! #V(, 9ﬃG	4ﬀ/*+	(E 9/<"(&/(* ﬃ#f &X.5&+(C9W	!;8











X&'C9ﬃ	*@	! + C1.ﬃ	!0 CPﬃK8















































	J46%8  ?I6%k*+bﬀ 8('(	5*+ 63
?I6%([_%6%(K	%MﬀP8	5Iﬀ6%8*KH6%KﬀP8 (')4	%C(8'(*+=ﬀPﬀ*?Og*+;ﬀ(J_%6%H8*+=g*'!
ﬀO	+jﬀ6%+G(+(%: 6%+8 ?O	?O(+;ﬀ? ﬀﬀ6%+J
(L67467:d
	? ﬀOxH6%ka5H6%O!6%k%(L5E6%'(%,
























































































	    Nﬃﬀ.+/CC	ﬃ!4#V(, 9ﬃ)C2	4ﬀ/*+	(E 9/<4(&/(*Gﬃ#%(!+*GK/&+	!+*ﬀ &
.5&+(C9X	!0 9ﬂ#V(, c	 ﬂ/!0 ﬀ,ﬂﬁ/CSﬂ#7ﬂL 9ﬃ"*+	 ﬂ/!0 SﬁE(/CSﬃ# &Wﬀ/(!
#7ﬂ2.5(E &ﬀﬃ# &2)(*+	(E 	ﬃ!ﬀ35+	*S.5(E 	,ﬂ/C 7	;.+/CC9/*4	!L#V

(!+*4C&ﬃQMD &+(E 





























































































































	? 6@'(	?O5-!63ﬀ*	+H6% 5A	*+;	%B_&*)U1-ﬀ>+?O(*'76% '(	&8(5((+;ﬀ(8c6%+898*'((8ﬂ76%*(

	KﬀW)_%6%5A	ﬀ63ﬀ*	+I	%V6@xH6%kO8	59H67_WA((+9(W?O	&8*  H(8I	G6%ﬀ	T*+'(8Pﬀ>	-ﬀ*	+










6j?O* Y-(8d)L	%4(xH63ﬀ*	+=6%+8 67_	*8*+j2Y-'((*R_<(Jﬀ*')ﬀ*	+U5E6%'((8 	+dﬀTﬀ*?OTJﬀ(5 ;:
ﬀL_	+D\P(?I6%++a'(*Rﬀ(*	+r
	J!6%**RQ:j*+c	R_&*+Iﬀ@5H6%ﬀ6%A	*'=(xH63ﬀ*	+M,!0>A):&*+<ﬀ*


















































































































'!a6%ﬀ=	+Wg*'!ﬂL6%='(	+*8(*+G-71 +)_(Jﬀ(((1 *+*Rﬀ*E6% '(	+8*Rﬀ*	+*?O5A	(8j*+
ﬀ*4467:ﬂ6%W [O'(*(+;ﬀR:j	&	&8<ﬀ	O6%	hﬀU	-ﬀ*	+9ﬀ	G(E6fY9ﬀ6%5*8R:Oﬀ	O6G'(	+*Jﬀ(+;P	+%,































































		g    
ﬀ=5((+'(L	%^6G*?O*E6%*RQ:O	-ﬀ*	+j+;ﬀ*Mﬀ=ﬀ6%8*E63ﬀ*	+98('(	5*+OJ!6%Jﬀ63Q=
&
Q Z  
ﬀL('(	_(*+9	%K6%+  6%?O	J O(R\*?O*E6%	-ﬀ*	+j
	PﬀL(+(%:c8(+*RQ: AT6%+8rﬀLFH*8





eQhw_Qqk kbaja)kba)t0na-zﬂe/g qa-j_QkleoYq0nrdBh=oPe/g g a)k%tEqoYya)k%`bd0e/tP`bdaN_QtaNvsihbnq0hbh=amv
s tX`bda1pkba)zEs _Qq0hh=qy0h=amn9`bs _Qt+{
dsihsihyamn)e/q0h=a a1pkbaja)kda)kbaP`b_4kbamvq0nac`bdaBa;amn9`rhkba)gieﬂ`bamv'`b_ﬀ`bdaBh=qk=j eQna














UE (E 	!G#7ﬃ  &L.+.ﬂfﬂ#7 r8
&+(!+*DMY	!+*ﬃQM (!+*>.+ﬃ;,ﬂ/*+	! ,ﬂﬃ;,JMY	C9$ &R#7)(ﬀ/CXC&ﬃQM@ &R)(*+	(
,ﬃﬀ.ﬃ!/!0 Nﬃ#w &f35+	*ﬀ#7ﬃ98:ﬁ/ﬃ;,ﬂ	 =<'	!4 &?+ﬂ)	(!ﬀ#7)(ﬀ
	%$; &f/!ﬂ<
*/!+C	 	/CYﬃ#? &LC9 (!+*+(E)*R35+	*+CfFL(!+*Rﬃ#- &L)(*+	(E 	ﬃ!O35+	*
Z
(!+*R &
,ﬃﬀ.+/CC	ﬃ!@#V(, 9ﬃ5'&'*/,ﬃ.5	!GKﬂ =MNﬂ/!  &4)(*+	(E 	ﬃ!635+	*6(!+*
 &BC9 (!+*+(E)*X35+	*+Cl	C(ﬃQMN/*W 9ﬃ'C9 (E Y(E YT
=

ﬂU
S
#VW
